


Mechanics of Fluids 


Eighth edition 
Solutions manual 


Bernard Massey 
Reader Emeritus in Mechanical Engineering 
University College, London 


Revised by 
John Ward-Smith 


Formerly Senior Lecturer in Mechanical Engineering 
Brunel University 


Taylor € Francis 
Taylor & Francis Group 


LONDON AND NEW YORK 


Also available as a printed book 
see title verso for ISBN details 





Mechanics of Fluids 


Solutions Manual 


Mechanics of Fluids 


Eighth edition 
Solutions manual 


Bernard Massey 


Reader Emeritus in Mechanical Engineering 
University College, London 


Revised by 
John Ward-Smith 


Formerly Senior Lecturer in Mechanical Engineering 
Brunel University 


Taylor & Francis 
Taylor & Francis Group 


LONDON AND NEW YORK 


Seventh edition published by Stanley Thornes (Publishers) Ltd in 1998 


Eighth edition published 2006 
by Taylor & Francis 
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN 


Simultaneously published in the USA and Canada 
by Taylor & Francis 
270 Madison Ave, New York, NY 10016 


Taylor & Francis is an imprint of the Taylor & Francis Group 
This edition published in the Taylor & Francis e-Library, 2005. 


“To purchase your own copy of this or any of Taylor & Francis or Routledge’s 
collection of thousands of eBooks please go to www.eBookstore.tandf.co.uk-” 


© 2006 Bernard Massey and John Ward-Smith 


The right of B. S. Massey and J. Ward-Smith to be identified as authors of 
this work has been asserted by them in accordance with the Copyright 
Designs and Patents Act 1988. 


All rights reserved. No part of this book may be reprinted or 
reproduced or utilised in any form or by any electronic, mechanical, or 
other means, now known or hereafter invented, including photocopying 
and recording, or in any information storage or retrieval system, 
without permission in writing from the publishers. 


The publisher makes no representation, express or implied, with regard 
to the accuracy of the information contained in this book and cannot 
accept any legal responsibility or liability for any efforts or 

omissions that may be made. 


British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 


Library of Congress Cataloging in Publication Data 
A catalog record for this book has been requested 


ISBN 0-203-01231-3 Master e-book ISBN 


ISBN 0-415-36204-0 (Print Edition) 


Chapter 1 


1.1 Vi Tip2 


Since pPV =mRT, —= —— 
A Vi Tobi 


i 288.15 1.1 
<. Vi = 2Q0 my? —— = 56.2 m? 
175700 333 557013 x 











1.2 1.4 x 10 N. m? 
pat SU =1.51 kg-m3 
RT 287J].kg *.K”? x 323.15 K 
a = 
13 K= e Assume K constant. Then In(0/00) = P c 
Q 


b — po E 81.7 x 106 








= 1061 kg : m^? 
1.4 2x 10% N.s.m? 

H x S -3 
EE Ee? 
87v - 15x10-6m2.s-1 E 

1.013 x 10? N. m? 

pa SVT ør 

QT 1.333 kg-m73 x293.15K 

8310 


15 = ve = 400 x 10-6 m2-s~! x 850 kg-m~3 = 0.34 Pa -s 


0.12 m. s^! 
Velocity gradient — OU Ee cres 1900 god 
0.1 x 10-3 m 


Area = 70.2 x 1.2 m? = 0.754 m? 
Force = 0.754 m? x 0.34 Pa-s x 1200 s~! = 307.6 N 
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d d 
1.6 Total force on plate = Area x yu (=) + (=) | 
dy side A dy side B 


0.15m-s-! 0.15 m-s~! | 


— (0.25 m? x 0.7 Pa- 
Rose Otel ee | 0.006m * 0.019m 


= 1.439 N 


1.7 For annulus, radius r, width ôr 


Velocit wr 
Force = Area x u x E 2xrörpu — 
Clearance c 


w 
<. Torque = Force x r= larga 
€ 


3401 8 z R^uo 





R 
Total torque — / 2x1 
0 








2c 
2041 m)^0.14 Pa.s x 2z x 7 rad +s7! —744N 
E 2 x 0.00013 m SZ S 
1.8 2y 2x0.073N.m^! 
AAA E 
PE 0.004 m S 
19 4re0s0 | 4x0.073N.m ! x1 


ogd ^ 1000 kg- m-3 x 9.81 N- kg! x 0.005 m 
— 0.00595 m — 5.95 mm 














E ants 4 x 0.377 N: m! x cos 140* 
(13.56 — 1)1000 kg: m-? x 9.81 N- kg! x 0.006 m 
= —1.563 mm 
1.11 3.371 .m^3 
Ree udo 8 400 = 4 x 0.0025 m’-s~* x 900 kg-m — 1508 
u tdu 70.05mx 0.038 N:-s-m? 
«s.m? 
t 2000u = 2000 x 0.038 N-s-m vel 
de 0.05 m x 900 kg -m>3 
1.12 4 4 x 0.01 m9.s7! 
Re= Qe _ E a = 430 .. Laminar 


~ adu 70.08 m x 370 x 10-6 m2-s7! 


Chapter 2 


2.1 


2.2 


2.3 


2.4 


2.5 


po 200 x 10 N-m ? 
og  1590kg.m- x 9.81 N- kg! 





— 12.82 m 


Pressure depends only on depth below free surface. 
(a) p ogb — (820 kg. m^? x 9.81 N- kg (3 — 0.15) m 
— 22930 N. m ? = 22.93 kPa 


(b) p=820 x 9.81 N-m3 x (34-2) m 2 40.2 kPa 


(c) p=820x9.81N-m"? x [3 +2— (1.2 sin 30" +0.6)) m 
= 820 x 9.81 x 3.8 N-m”? = 30.57 kPa 


(d) Load = Pressure x Area 


= 820 x 9.81 x 3N-m? x (3.5 x 2.5) m? = 211.2 kN 


Pair p at OwatergP water = Qwater y, 





Ce. Gage Gë 


1000 kg: m^? x 287 J- kg | -K^! x 288.15 ER 
== å m 
1.013 x 105 N.m-2 


water 





= 61.2 m 


pV = constant 





101.3 x 103 Pa 


4mm 


T d J - rie a HM NOR um 


whence d — 4.93 mm 


Ap = 820 kg: m^? x 9.81 N- kg ! x 2 m+ (13.56 — 0.82) 
x 1000 kg m^? x 9.81 N-kg ! x 0.225 m — 44.2 kPa 
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Ap* y 0225 m(13.56 — 0.82)1000 kg-m^? x 9.81 N -kg ' 





08 820 kg- m-? x 9.81 N- kg! 
— 3.496 m 


44200 Nm? 2 820 x 9.81 x 2N- m? 4- x(0.82 — 0.74)1000 
x 9.81 N- m? 


whence x = 35.83 m 





2.6 New levels 
A (nd E Movement of fluid in 
C = 60 mm x 70 mm? 
= (500 mm?)x 
pga KE = (800 mm?)y 
Initial rz RA mm: 
surface of 


y = 5.25 mm 


separation 


Measuring above XX: Initially 0.854 — 0.9bp 
Later: 800 x 9.81(Old ha — 60 + 8.4)1073 Pa 
— p 4- 900 x 9.81(Old 5g — 60 + 5.25)10 Pa 
S p2-981x 107?(—800 x 51.6 4- 900 x 65.25)Pa — 171.1 Pa 


Az g/ RA 
2.7 Fromeqn2.7 p= po (1 — =) 
0 
0.0065 x 7500 9.81/287x0.0065 
= 101.5 Pa | 1 - —— 
a( 288.15 ) 
= 38.3 kPa 





28 p (UI -( Trop yo 
po ` To A Trop + Az 
Å p 


268.15 I | 
— * E 1 





— m ae 
0.0065 566 
— 2257 m 


2.9 


2.10 


F — (1.2 x 1.8) m2 x 1000 kg: m^? x 9.81 N-kg! 
x (x + 0.9 sin 30°) m 


(a) 2160 x 9.81 N-m7! x 0.45 m= 9.54 kN 
(b) 2160 x 9.81 N-m7! x 0.95 m = 20.13 kN 
(c) 2160 x 9.81 N-m7! x 30.45 m = 645 kN 


3 2 
Centre of pressure is at slant depth GET Oey 
bd(2x + 0.9) 


d? 
= ——————————— 2 2 
120x 4 0.9) 4r 2x -F 0.9 (metres) 
(1.8 m)? 


O st 
Duro r9 


1.8? 
hat is $ === +0. 
that is [oras +0 9| m from upper edge 


= (a) 1.2 m; (b) 1.042 m; (c) 0.904 m from upper edge 


By symmetry, centre X 
of pressure is on 
vertical centre-line 


2nd moment about XX 
1st moment about XX 
e Jox 2r x^ dy 
 far2(?—x2)1/2dx 





Depth = 


ae (rcos 0)?2r sin 0 (—rsin 0d6) 





Ds r cos 02r sin 0(—rsin 0d0) 


r [77 cos?6 sin?0do 


EE sin^0 cos 0d6 


r fo xsin^20d Q0) 


E sino] 
r/8 [20/2 — (1/4) sin 40]2?— 
1/3 


zr qud 
UO Gp 
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2.11 X X 
ep Full depth = (2.5 m) sin 60° 
Breadth of strip 


zs (2.5 m) sin 60° — x 
E (2.5 m) sin 60? 


= 2.5 m — x cosec 60? 


.*. Second moment of area about XX 


(2.5 m) sin 60° 2.54 
= / (2.5 m — x cosec 60°)x*dx = ES sin?60° m* 
0 








Depth 
First moment = Area x T 
1 2.5 sin 60? 2.53 
Br TT A cote 
2 3 6 
2.5 Depth 
-. Depth of C.P. = SS sin 60° m = E 


-. Thrust is equally divided between XX and bottom. 


Thrust = Area x Pressure at centroid 


1 2.5 sin 60° 
= 52.5 sin 60° x 1000 x 9.81 x LN = 19160 N 


z. Load at bottom = 9580 N; at each upper corner 4790 N 


2.12 Let shaft be at depth h below free surface. Then force on disc 
= zx R^ogh. 
By parallel axes theorem, 2nd moment of area about free 
surface = 1 R*/4 + 2R*h*. 
1st moment of area about free surface = 1 R*h 
-. Depth of C.P. = ES 


4h + h below free surface, that is, R?/4h 


below shaft 


.. Turning moment on shaft 


R?  zR^og 

= 7 Rogh x — = 

Aa 4 

| 3 (0.6 m)*1000 kg m^? x 9.81 N- kg! 
7 4 





[independent of ^] 


— 999 N.m 





2.13 
eam Force on plate 
1.5m — 1150 kg. m^? 
x 9.81 N- kg! 
x 1.5 m2 m»? 
2m 


— 33.84 kN 


AP 
Es (Ak, L plate = 7 
AP 


Ss (Ak), diagonal = 77 





12 
since diagonals are perpendicular 
-. Depth of C.P. below free surface 
AP /12) 4- AY? H var 
EEE En Let HI. 
Ay 12y 12x 1.5 
= 1.611 m, that is, 1.111 m from top of aperture 
^. Total moment about hinge — 33.84 kN x 1.111//2 m 
— 26.59 kN. m 
2.14 Width of gates = (3 m) sec 30? — 3.464 m 
Thrust on ‘deep’ side of gate 
= (1000 x 9.81 x 4.5)(9 x 3.464)N = 1.376 MN 
Trust on “shallow” side of gate 
— (1000 x 9.81 x 1.35) (2.7 x 3.464)N 
— 0.124 MN 
Net thrust = (1.376 — 0.124) MN = 1.252 MN 
1.252 MN 
z. Force between gates = ————— = 1.252 MN 
2 sin 30 
Resultant force F acts at height y given by 
b b SEET 
Fy a — m = Fy, since Fy, Fy act at 3^» 3» below free surfaces 
; — 0.124 x 2. 
y = 1376 x 9/3 - 004 x 27/3. 3208 m 


1.252 
Total hinge reaction R also acts at this height. 
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If top hinge is distance x above bottom hinge, 


Riopx = R(3.208 — 0.6) m 


R 
2.608 m= 3 x 2.608 m =7.82 m, 


top 





== 


that is, 8.42 m above base 


Horizontal component H 
= Thrust on vertical 
projection AC divided by width 


1 2 1 
= 31000 x 9.81 x 277° N-m 





= 3.576 MN- m7! acting at : x27m 


— 18 m below BC 
Vertical component V — Weight of water ABC 


27 27 
2 
Area ABC — d xdy = vis [ y? dy ES S 182732 m2 
0 0 


= 396.8 m? 
z. Vertical component = 1000 x 9.81 x 396.8 N.m^! 
— 3.893 MN. m^! 


It acts through centroid of ABC. Moments of area about AC: 


27 27 2 
27 
396.8% = d xdy~ = / 9ydy 2 9 x — m? 
0 2 0 2 
whence x 2 8.27 m 


3.576 
3.893 


Resultant = ,/ (3.5762 + 3.8932) MN. m^! 2 5.22 MN. m^! 


It intersects free surface at (18 tan@ — 8.27) m from C 


0 = arctan = 42.57° 





= 8.27 m from C 
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that is (8.27 -- / (18 x 27) m 


— 30.31 m from B 


Relevant forces are only those on 
vertical plane 0.5 m wide. 


Total force on AB — F4 
0.8. m 1 å 0.8m 
= / Qoigxbdx = | 50018bx 
0 2 0 


1 
= 3850 kg.m^? x 9.81 N- kg! 





x 0.5 m(0.8 m)? 2 1334N 


1.2m 
Total force on BC = j (09i1£0.8 m + owatergy)b dy 
0 


1.2 m 
= bovag | (0.85 x 0.8 m + y)dy 
0 


af 1.2m 
= bowaterg os m)y + | 
0 


— 0.5 x 1000 x 9.81(0.816 + 0.72) N 
= 7535N 
Total force F = (7535 + 1334)N = 8869 N 


Let total force act at height z above base of tank. Then moments 
about axis through C: 


0.8 1.2m 
Fz = Fy (12 + 5) m+ / bowaterg(0.68 m + y) (1.2 m — y)dy 
0 


= 1334 x 1.467 N-m +0.5 x 1000 x 9.81 N - m7? 


1.2m 
0.52 3 
x [osis m2)y + Fy = > 


= 1957 N -m + 500 x 9.81[0.9792 + 0.3744 — 0.576] N-m 
=5771N-m 


E 


z= 3369 27 0.651 m 
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— 
Force = ogba? 


2 


«—— ay a 
Force = 008 (c = 7) 3 
+ (c c *) a 
080 + 087) 5 
oga? 
=00gca? + =— 
8 
x (1-0) 


For zero net force 


b=0c+ 0-0) 


Total moment sy about centre-line for forces on left 


a/2 a/2 
= f og(b — x)ax dx + Å og(b + y)ay dy 
0 0 





ba? 
= oga 3 + 


— 1 
z. Net Force acts at pe = ogba? = a? /12b below centre-line. 


a 1 4 
) = 13.084 


Total moment about centre-line for forces on right 


a/2 a/2 
= / oog(c — x)ax dx + d (0 ogc + ogy)ay dy 
0 0 


3 





— a^ (1 4- 0)/24b below centre-line. 


a? (14 o) | 


ol 
z. Axis of couple is 3 | 24b 


= 2 g3 + 0) below centre-line 


a 1 4 
+5) = 77084 (1+0) 


gos 1 
-. Net force acts at 54084 d +0)= ogba? 


2.18 Pressure at centroid = (15000 + 900 x 9.81 x 1) Pa = 23 829 Pa 


+. Total force = 23 829 Pa x 0.24 m2 = 5719 N 


2.19 


2.20 


Chapter2 11 


This acts on vertical centre-line 


1 
<. Force on lock = 3 x 5719 N = 2859 N 


15 000 sé 
900 x 9.81 


z. Equivalent free (atmospheric) surface is at 2.699 m above 


Air pressure is equivalent to = 1.699 m of oil 


centre-line 


+. Depth of C.P. below centre-line = (Ak?)¿/Ay 
2 
= CETL [2.099 m = 0.00494 m 


Moments about horizontal axis through upper hinge: 
5719(0.125 + 0.00494) N -m = 2859 x 0.125 N -m + F1 (0.25 m) 
-. Force on lower hinge = Fj = 1543 N 

and force on upper hinge = (2859 — 1543) N = 1317 N 


27k 
ERE ; — 0.00036 m? 


2.7 kg of i == 
g of iron occupy 7500 kg-m- 


-. Buoyancy force = 0.00036 m° x 1000 kg -m3 x 9.81 N- kg! 
= 0.36 x 9.81 N 


z. Spring balance reads (2.7 — 0.36) kgf = 2.34 kgf 
Parcel balance reads (5 + 0.36) kgf = 5.36 kgf 


i Archimedes for case II: 
1 EC 19 
S 
0.9] 21 0.8[ —I— 
[i f xs+ E s) 
SC | whence s = 0.71 
| Volume of water is constant 
J SEA +0.91 
—34—, 


T 2 7p 
x [50st - 24] 
a) Fa Aryl 
-404Yx 


di 0.71 {7 Gd)? = 39) 


z. 9x + 0.99 — 1} = 9x' + 0.749 — 1} x.x — x = 0.17781 
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2.21 





Archimedes zd (x — b)og 


—27x9.81N 
At base of cylinder, pressure 
= po + 08x = p + ogh 
^p — po og(x — b) 


ERAS RUN 
— (x/4)(0.3 m)? 


— 3747 Pa 


For isothermal compression pV — constant 











p — po 3747 
kb H= 450 mm = 16.05 
p 105047 vm one 
ge 27 x 9.81 N 20.382 m 
(7/4)(0.3 m)21000 kg-m=3 x 9.81 N-kg” 
<. x = 398 mm 
Ag VERA 
2.22 From eqn 2.7, p at 6000 mis po (1 — =) 
0 
9.81/287x0.0065 
= 101 kPa (1 = es) — 47.01 kPa 
47 010 E 


2.23 


-. 0 at 6000 m is 





287(288.15 — 0.0065 x 6000) m 
= 0.6574 kg. m^? 
which must be same as effective density of balloon. 
-. Total mass of balloon = 0.6574 x 70.83 kg = 0.17625 kg 
-. Mass of helium = (176.25 — 160)g = 16.25 g 


_ ap2yy — 7 4 T» ZA 
BM = Ak?/V = Zd / G4 x 0.61) =d /9.6l 


B is at 0.31 above base. 


2.24 


2:25 


2.26 


Chapter 2 13 


— When M and G coincide, BM — 0.21 
1 =02x96P +. d/l= 71.92 = 1.386 


Weight of pontoon 
= (6 x 3 x 0.9) m? x 1000 kg: m^? x 9.81 N- kg! — 158.9 kN 


BM = Ak?/V — [(6 x 33/12)/(6 x 3 x 0.)] m 20.833 m 


GM = (0.833 + > — 07) m = 0.583 m 
7600 N-m = W(GM) sin 9 
7600 


ne == Mid 
Sny = 158,9 x 103 x 0:583 


If relative density = o , depth of immersion h = 1500 mm 
-. Height of B = 750 mm 


d^. 75 
16b  16x150o 





Apy T y/n, 
BM = Ak E 34 h= 


75 
= —— mm 


320 


1 
For stability BM > BG ~. ay > på — 750 
320 2 


. 1 
thatis 332 >1-0 


d 16 + y256 — 32 
Gigg AAN A 


32 
oro < SER ES = 0.0323 


this is unrealistic since cylinder is solid 
..0.9677 «o « 1.0 


3206? — 326 +1>0 = 0.9677 


Mass of equal volume of water 
= (0.075) x 0.15 m? x 1000 kg-m3 = 0.663 kg 


-. Mass of cylinder is between 0.641 kg and 0.663 kg 


Power B 3.34 x 106 
^14 x2x 


= 80 x 109(G1My) sin 0.539 





Torque = N-m= W(GM)sin@ 


whence G4M4, = 0.513 m 
".B1M1 = (0.513 + 1.6 — 0.3) m = 1.813 m 
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2.27 


2.28 


B4iM, x V4 2 AE 2 B;M; x V5 





1 6 
+ ByM> = 1.813 m x SP =1.907 m 
80 x 109 — 400 x 103 x 9.81 
3.34 x 106 
LER = 761076 5410 (GMa) sin 075° 
1.4 x 27 


whence G2M> = 0.3813 m 
~, Bo G2 = (1.907 — 0.381) m= 1.525 m 
Bo G, = (1.6 — 0.3 + 0.075) m = 1.375 m 
z. G1G2 = (1.525 — 1.375) m= 0.150 m 


355 1 
l f ispl = ——_m? = 0.34 3 = zb 
Volume of water displaced 1025" 0.3463 m 371 
1 
= ar y3 
3 
2 =0.1910 m? .r=0.576m 
m 1 32 r 
BM — AE?/V 2 —r* | <arh = >= 543—024 
k^/V TE 47 7 0.2493 m 


3 
Bis at 7” = 0.748 m above vertex, that is (0.643 — 0.748) m 


= 0.2912 m below top 
-. M is (0.2912 — 0.2493) m — 0.0419 m below top — this is 
limiting position of G. 


Let beacon be x metres above top. Then moments about axis in top: 
300(0.6V3 — 0.75) — 55x = 355 x 0.0419, 
whence x = 1.308 m 


Depth of immersion = 0.85 x 0.8 m = 0.68 m 
-. B is 0.34 m above base 


BM = Ak?/V = 54 ta m)? x 0.68 m = 0.0919 m 
- GM = (0.0919 + 0.34 — 0.4) m = 0.0319 m 


k? P/12+77/4 0.87/12 + 0.57 /4 
t= 27 = 2711 === 271 37538 
g(GM) g(GM) 9.81 x 0.0319 


= 3.822 s 
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0.9 
2.29 0.405 m? = los Lë 0970.9 tan($ + ci m? 


whence tan(@ +6) = 








a 

at" 8/9—tanó 3 
fan e ee e 
—Á y 1+ tang 7 

ue e oe 

7 azgt+g 
| | 4cosó 
^ àsin$4-g 


g=arctan1/3 
whence a = gV 10/6 


Total mass = (340 + 0.405 x 850) kg = 684.25 kg 


J. F = 684.25 x 9.81V10/6 N = 3538 N 


2.30 z 
dx — 2cos20? m.s? 
s a, = —2sin20? m.s? 
À Do 73 mm If A is origin, B is at 
/ {(60 cos 20" + 73 sin 20") mm, 


(73 cos 20? — 60 sin 20°) mm} 
that is (81.35 mm, 48.08 mm) 


Pressure at B = —paxx — o(g + az)z + constant 


If p at A is taken as zero, constant = 0 
“pp = -—790 kg: m^? x (2cos20? x 0.08135 
4- (9.81 — 2 sin 20*)0.04808) m? : 57? 
= —790(0.1529 + 0.4388) Pa = —467 Pa 


Chapter 3 


3.1 0.3 8 
ug = ggs d HESS eden” 
1 2 1 2, 
PB= Pa + 50Up + Q8ZA — 08%B — 5 Qui 
1 
= (Lo x 10° + Mas — 3.62) 


— 1000 x 9.81 x d Pa gauge = 53.3 kPa gauge 


3.2 
E For any given streamline 
, ig We L4 a) 
a 0g 


Plan 


dE 
If pressure variation 

with depth is same as 

hydrostatic — true only if 

there is no appreciable 

acceleration L streamlines, 

that is, streamlines must be 

sensibly straight and 

parallel where measurements are made — then (p/og) + z = depth of 

stream at this point. 


Å Q ) +16 =5( Q ) 1.45 
Asx LEN Aa 


1.6 m 145m Elevation 


whence Q=23.9m3.s" 
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3.3 PAR E 


q à +3 2-4) gG2 - 20 e(T2 — T) 


CO X 10° + 1.225 x 9.81 x 600) Pa 1 


10 ke m? 5 (2° 0) m2. 5-2 


+ 9,81 m-s~2(0 — 600) m+ 4.187 x 10° J-kg~!-K71(1.8 K) 
= 7159.81 m? - s7? 
00 — 1000 kg: m^? x Ee m? x 2 m-s~! = 2262 kg-s7! 
:. Heat flow = 2262 x 7159.81 W = 16.20 MW 


3.4 u = uo (1 + 7) where y = height above base, h = full depth, 


uy = velocity at base 


K.E. flow h u? Bares yy 3 
width =f oudt = f 20 (1+ 5) dy 


a vil 1 3 


15 3 su 
<. K.E. per unit mass = g ero = 05 ob = 2 


i : 3 
since mean velocity = 3 





Su w 5 (3M 10 
0 = br =o = 
272, 2 2 2 9 
3.5 ; 1 
m x = (ucos0)t; z = (usin0O)t — ët 
2 
Sig gx 
u . Z= xtanó = AA 
0 
x gx? 


whence u? = EE 
2 cos^0(xtan0 — z) 
Minimum u? requires max cos?0(xtan0 — z) — f, say. 


df 


do — —2cos0 sinO(xtan0 — 2) + cos? 0 (x sec? 0) 


= (1 — 2 sin? Ø)x + z sin 20 
= xcos 20 +zsin20 = 0 when tan 20 = —x/z 


d2 
E = —2x sin 20 + 2z cos 20 = 2 cos 20 (z — x tan 20) 
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d 
which is negative since cos 20 is negative 
fis then a maximum. 


20 4 1 + cos 29 1-3/5 1 

20 = —-— = -= 5 Me EP a — 
tan 20 15 3 .". COS 2 2 5 
s.tand=2 


".0 = 63.43" to horizontal 


d2 2 
When tan 20 = —x/z, B = 2 cos 20 (: + =) 











hs gx? 8 9.81 x 20? icm 
— 2cos?ó(xtanó -z) 2x 4(20 x 2-15) 
= 392.4 m? - s7? 
2 ao 2.4 
EE u^ ou 1000 x39 Karl 


87002 20 2x0.93 
= 217.4 x 10% Pa 


3.6 Ap across orifice = 0.271 m x 0.1 x (800 x 9.81) N.m^? 
— 212.7 Pa 


.772 m(1 81) N- m7? 
Se p _ 0.772 m( Sens) m 1238 kg-m 
RT  287].kg .K x288.95K 


T 2 |, Ap T 2 | 2 x 212.7 Pa 
t = d 2— = Y. 2— s eS 
C uL V 1238 kg m3 


= 0.02191 m?.s~! 


39.5\7 0.018 m? - s7! 
m Ce= ( ) =06241 EE GOR 


50 5 
TT 2x 10? Pa 
—(0.05 m)2, | ——— —— 
x m) y 850 kg: m^? 


3.8 Static pressure = 1026 kg: m^? x 9.81 N- kg ! x 15 m 
— 1.510 x 10? Pa 


2 
1 , 1 16 x 103 
z — 21026 ke- m^? [ L———— m.s! 
Jes en 3600 : ) 





"Cy = Ca/Ce = 0.958 


= 1.013 x 104 Pa 


z. Stagnation pressure = 1.611 x 10% Pa = 161.1 kPa gauge 


3.9 


3.10 





Chapter 3 19 


.040/0. Gase 
eg PEPA e cel 
(1/4)(0.15 m)? 

and u = 414 


1 
Pi-P2= 50 (3 — vi) +0802 —21) 
= 400 kg-m 3(15 x 2.3587) m? - s7? 


+800 kg-m3 x 9.81 N:kg”! x 0.15 m 
= 34530 Pa 


Manometer measures difference of piezometric pressure 


= Ze (23 — 14) = 33 360 Pa 


= (0Hg — Oliq) gh 
33 360 Pa 


je = 0.2665 
(13560 — 800)9.81 N- m? 2 





Net effective area of piston = 7012 — 0.022) m? = 0.00754 m2 
+. Pressure difference required = 180 N/0.00754 m? 

= 23870 Pa 
-0.15m?:s57 
— (z/4)(0.35 m)? 


where n = area ratio 


u1 =1.559m-s7! uw =1.559nm-s! 


E E 


1 
^. 23870 Pa = 5950 kg:m^? x 1.559? o — 1) m? - s7? 





whence n = 4.66 and throat diameter = 229 Ean 
V 4.66 
= 162.2 mm 
300 
0 = — = 1. 
tan 200 5 


Ideal discharge through strip 
= {B + 2(H — b)cot 0) 


x dh,/2gh 
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H 2 
Qideal = vz f (a + 2(H — på hbl/2db 
eiser Zä 
8 
= 2 7 H^? (2 H) 
33-8 * 15 


2 
- Q= this x C4 = 3/19.62(0.228) ^ (0.1 + 0.1216)0.6 m?-s 


-1 


—1 


— 0.0427 m?.s 


12 2 
3 Qı — 0.6 x 5 (1.8 m)v 19.62 m :872(0.08 m)”? 2 0.0722 m?. s^! 


'. Approach velocity = 0.0722 m?.s~! + 0.3 m? = 0.2406 m-s7! 


u? 0.2406? 
Kurs m = 0.002 
Er 197. 0.00295 m 


`. Better approximation to total head = (0.08 + 0.00295) m 


= 0.08295 m 


.. Better approximation to 


2 
Q=0.6x 30.8 m)v 19.62 m :s72(0.08295 m)?? 


= 0.0762 m? - s7! 
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4.1 0.8 u Fi = 00(0.8ucos 150" — u) 
= oA1u?*(-0.443 —1) 
Fy = oA114(0.8u sin 30? — 0) — 0.40A ui? 


E FP = Fi + FE = 0° Aju (1.64 + 0.873) 


å 2000 N 


= -u=242m>.s! 
= (1000 kg - m>3)(/4)(0.05 m)? 43.026 3 TR 





p 7 0.05)? x 24.2 m3. s~! = 0.0475 m3. 5“ 
42 x 0.23 


U= ——— ms"? =3.254m-s8" 
(37/4)(0.3)2 


(1) u = 441 


1.4 x 10? 


E pu m 
DerBy edn: 4000 x 9.81 ™ 


(2) pa 


~ 1000 x 9.81 N-m-3 


16 x 3.254? 
19.62 


whence p2 = 74 300 Pa 


Fy + p,A1 + p2A2 cos 60° = 0Q(u2 cos 120° — 14) 
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^F, 2 1000 kg: m^? x 0.23 m? -s71 
x (—4 x 3.254 x 0.5 — 3.254) m- s7! 


—14 x 105 N- m? x 703 m)? 


— 74300 N- m7 x (0.15 m)20.5 
= —12 300 N 


Fy — p2A2 sin 60° + W = eQ(uz sin 120° — 0) 


3 
^F, 21000 kg. m^? x 0.23 m? -s71 x 4 x 3.254 x L m.s! 
3 
74300 Nm? x (0.15 mL 


— 0.085 m? x 1000 kg- m^? x 9.81 N- kg! 
—2896N 


F = v 12 800? + 28962 N = 13 120 N 


2896 
9= — ..0= 180" — 12.76 
0 800 
Force on bend is equal and opposite to this, that is, wee 
4.3 (2, Assume flow at (2) entirely parallel to sides of 


cone. 


Then p2 = atmospheric. Assuming steady flow and 
constant Q 


1. 2 I5» 
pı + 50m -— Dit 50 
1 
.P1 = atmos. + 71-22 kg - m*(60? — 152) m? - s7? 
= 2059 Pa gauge (if velocities uniform) 
2059 x = 0.6) N — F = oQ (u cos 45° — 14) 


60 
= 1.22 kg -m3 x Č (0.6 m)215 m-s”! (55-15) m.s! 
g zl ) Fi 


whence F = 440 N 


4.4 


4.5 
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Assuming uniform 
0.2 m? conditions over each 
cross-section considered, 


31 kPa 0.6 m3.s7! 0.6 m? 
Reg (31 x 10? Pa)(0.2 m?) 
0.4 m? 1.4 m8.s 
E + (30 x 10° Pa) 
30 kPa 0.8 m3.s71 


x (0.4 m?) — p(0.6 m?) 


14 0.6 0.8 
md $ =3 i r = 
= 1000 kg-m [14 (53) 06 (75) 0.8 (ell ms 


= 1000[3.26 — 1.8 — 1.6] N = -133.3N 


1 : : 
p= 0.5 19200 + 12 000 + 133.3] Pa = 30.5 kPa 





2 2 
u 3 
Energy/mass of stream A = På + Se = (2 + 5) m? sc? 
Q 


= 35.5 m? - s7? 


22 
Energy/mass of stream B = (x + 3 m? . s7? 


= 32.0 m? - s7? 


z- bid oes. å 
Energy/mass of stream C — 30.5 + 5 OG m^.s 


= 33.27 m? - s7? 


^. Stream A loses 2.2 m?.s ? Stream B loses —1.27 m* -s~? 
Total loss by stream A = 600 kg-s~! x 2.2 m*-s~? = 1333.3 W 
Total loss by stream B = 800 kg-s~! x (—1.27) m?-s~* 
= -1022.2 W 
Difference = (1333.3 — 1022.2) W = 311.1 W 
For steady flow, coordinate axes must move with boat. 
For uniform conditions at inlet and outlet F — oQ(u — c) 
If static pressures fore and aft are equal, this is total propulsive force. 


. Useful output power = Fe = @Oc(u — c) 


1 
Power of spent jet (wasted) = 5eQ sg 
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-. Total power = 00 [ee —o)+ ju — or] 


1 
= 0Q(u — 93 +c) 
20Oc(u-— c) 2c 


8 10Q(u — c)(u ^ c) ute 





With assumptions as before 


1500 N = 1000 kg.m"* x Q(17.5 — 9.3) m-s7! 


Bs n ck d y a 

"Q= m-s; A= ——"_— m? = 0.0104 

oe gg nr 
17.5? — 9.3? 

Head to be supplied by pump = —pg m^ 11.2 m 


1. : 
<. Power = > m?.s7! x 1000 kg: m^? x 9.81 N- kg ! x 11.2m 
= 20.1 kW 


20.1 
<. Engine power = 065 kW = 30.92 kW 


46 imu, = må — DF = 0.086 kg x 15 m-s~2 — (—0.086 x 9.81 N) 


ANS 
=2; =m x — 
oA 
so —2434 N x 129 kg -m= Z (0.006 m? 
whence mn = 0.00882 kg -s7! = 8.82 g- s7! 


d 
47 po (1450 N-s-m™')v= MT — gr, 


= [2500 kg+x— (20 kg-s7!) d - — 90 kg-s7! x2600 m.s! 


dv 8 dr 
"* 234000 — 1450v — 2500 4- x — 90t 

1 In (>) = 1 (o 
1450 234000 90 2500 +x 








since v = 0 where t = 0 
v is max when all fuel burnt, that is, when t — x/90 s 


90 l 234 — 1.45 x 150 In 2500 
: i = 
1450 234 2500 + x 


whence x = 447 kg 





u4 = 2m — u = ——— ms"! -12m-87! = 18.06 ms" 
(7 /4)(0.6)? 
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F= oQ(u4 — u1) — 1000 x 4.25(18.06 — 12) N 2 25.77 kN 


214 uq 12 
= = =79.8% 
1= mtu, u 15.03 


1 — y 
P= QQ = eQ 5 (41 - Au) 


1 4.2 
= 190x424 x 15.03(15.03 — 12) W = 387 kW 





49 um =288km-h™t =80m-s7™! u, =u /0.9 
F = ọQ(u4 — u1) = 0Q0Qm — u, — u1) = 20Q (m — u1) 


uy 0.2 
= um Au = 1 N 
= 204" (55 — 11) = 32417 = 10300 
.81 
EEE ET ETE ns 
0.2 x 1.2 x 802 
1 Fu, 
Pideal = 390 (uj ui) = 200 (3 = mu) = Fuz = 0.9 
1 
oe OE ay L 916 kW 
0.9 
4.10 velge (14 ms"! +14) (14? m? 857? — u7) 





2 x 143 m3.s3 


7 ug =7 (V5 -1) m-s7! = 8.65 m-s7! 


(Negative root and u4 = 0 are rejected.) 








u1 + u4 1 2 2 
F = oQ (u — u4) = oÅ 3 OR (i ui) 
1 
=5% 13357122042 — 8.652) N = 8460 N 
14 
vet vos ae m.s !21133m.s^! 


1 
p-p- 72 (1% = 13) = e E 235(142 — 11.332) Pa 
5 K Pa (gauge) 
l (2 2 2 
på -P4=50 (4 - 13) = = E 235(8.652 — 11.332) Pa 


= —32.99 Pa = p3 (gauge) 


1 1 
= 30 (uj — A = 794% (å — ui) 

1 
=3* 1.2357 12? x 11.33(14? — 8.652) W = 95.8 kW 
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5.1  Resame in both cases. 


` Uw Qa 
. Uw = Ua — — 
Ha Ow 
1.12 x 107? 1.22 
= 21.5 ugs EE) 
1.8 x 10-5 1000 
— 1.639 m.s! 


— Ou T (0.04 m)?1.639 m-s 7! = 2.060 x 10-3 m3. 5-1 
4 
=2.06L.s 


(Ap*/Dair Bae. DIS 


= = = 0.210 = — 
(Ap*/Dwater owu% 1000 x 1.6392 4 


.74 


g^ pP gh?o à 
u > y > 


5.2 
Q 2 g!2p52g 
For dynamic similarity, g'/*h*/*o/ must be the same. 


bi Ving V2 
Assume effect of y negligible. .'. LL (==) =4 


water Vwater 
Q 1 Ow 


Also —— = => 
pel? pi? 


boy um Q1 
: w= TOM = — == UI, 2 3 . zb 
B (ol Q1 = 35 = 0.000625 m° -s 
<. 0.000625 — 0.76252" — whence by = 0.0563 m 
z. hi = 4bw = 225.2 mm 
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5.3  Equate 0wD?/p. 


120101 D7 
11102D5 
1.86 x 107% x 1000 x 144.5 x 0.2252 


E del 
L01 x 10-3 x 1.20 x 0.6752 CS 





= 246.4 rad -s7 ! 
3n5 
D3P 
Equate P/oo? D?. — Pa = | d and 
010,D; 
T P5 0203 D$ Tio 
2=— = 


w2 0103 Dio» 


2 5 
EXE 
Q1 N01 Di 
_ 1.20 (64) (oS 


~ 1000 \ 144.5 0.225 
= 0.933 N-m 


5 
) 1.1N-m 


Å DE 
ner v "D 


d/D is same in each case; so is wd? /v 


Systems are dynamically similar. 





Do: water 10. 3 
^n Qu == se JE (=) 42.5 x 1073 m3-s7} 





ER oun ~ 20.7 M50 
= 2.797 m? - s7! 
5.5 1.20 x I x 60m-s71  1000(1/2)uw 
Equate Re : = 
1.86 x 10-5 1.01 x 10-3 
whence uy = 7.82m-s ! 
e F F Fair 
Since Pow = (Re), equate pod ; Ex120x60 
1140 N 
= 5 Whence Fai, = 322 N 
(1/2)21000 x 7.822 
5-6 = Re) or equivalent is readily proved. 
ou? 
m/4)0m — (3.5 m-s~!)1(1.0250m 
Equate Ro; nM Pe aA E A Qm) 





Um 1.07 um 
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"` Um = 13.41 m- s7! 
D Opel, Tm BS NE å 
Equate FER > Tp = uL. = 1.025 13.41 4° x 20.6 N-m 
=92.0N-m 


5.7  Frthesame. ~., Velocity œ (g1) 1⁄2 


Si Flow œ I? (gI)!? xp 


5.8 Cp =¢(Re). 


dair Qair Hwater 








Equate Re : uyater = Uair 


dwater Owater Hair 

12 1.01 x10>3 
Bes E x iri gang 
1000 * 1.86 x 1075 


=3.91m-s" 


(Area)air (zer). 


(Area) water Areaan (Fore) ` a ou 


=2x x30m.s! 


Fwater 


*, Cp equal .. Drag,;, — 


water 


2 
—4x x (551) 152 N = 42.96 N 


2596 * 1 


2 2 4 
Ge Equate Fr : In = E = (22) (2) 
lp us Op ln 
| usen (y ane 
"do XO W75) A 


F 
Since Pom = ¢(Fr), equate 


ar (5) (8) (E) E = 


6/5 120 4 8/5 
- (25^ s, - (ES ss n c sen 


F 
Pow? 





5.10 ai" 


y RT; 


288.151 1? 
= werk 
= aes (233) 


—450 m.s! 


Equate Mach no : um = up ( 





Chapter 5 29 


T 1/2 I 
Equate Re : MM (=) — ‘ppm 


Up Tp In0mHp 


KØ STN (AA 
"En NOEs Tm + 117 
Pm (Tu. Jo (To 177 _ (288.15\* , 345.15 
"pp XT?) ImXTm+117) V228.15) * 405.15 


whence pm = 821 kPa 




















tm Je EN c Ade 
Sé Equate Fr: :. — = tm Hp _ fm (2) = (2) 
tp lp Um lp lm lp 
12.4 h 
5.12 Equate B- Dv , that is, equate P a , that is, equate PS Ry 
70u? u b 
"ok )m — Å ( ) 
(Pp — Pv)m — 12 b — pv p 


1 
12 (1.013 x 10% — 1000 x 9.81 x 7 — 1230) Pa 
= 2617 Pa 


<. Pm = (2617 + 2340) Pa = 4957 Pa 


7 
= — S —P 
(Po)m — 1000 x 9.81 x 12 a 


^. (po)m = (4957 + 5722) Pa — 10.68 kPa 


Om Um lm F In im 
GN 


Tims 


Dez gs 1403x107 m.s 


5.13 Equate Fr. Then wp =um(lp/lm)"? = (1.5 m-s"1)(100/4)"2 
=755m:s 
Skin friction = kAu”. For model, 14.5N-m”? = kn(3m:s D)!? 
whence km = 1.798 N-s!?-m73-? 


12 
^ At 1.5 m.s"! (Skin friction), = 1.798 x SCH 


= 7.46 N 


x 1.51? N 
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z. (Resid. resistance), = (15.5 — 7.46) N= 8.04 N 


Qp "p lp 0p f b V 
(Fresid)p = (Fresid)m 772 7 (Fresid)m ( ) 
u Om 


Om Se la 


— 8.04 x 1.026 x 25? N= 128.9 kN 


(Skin friction), — kp(Area)puy > 


¿ko =43 N-m (3 m-s 1) = 5.63 N- s133 . pm 385 
At 7.5 mes? 


(Skin friction), — 5.63 x 1200 x 7.59 N 
— 281.1 kN 


.. (Total resistance), = (128.9 + 281.1) kN = 410 kN 
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6.1 ude 400  4x0.020 m?.s ! x 1260 kg. m? 























Re= = = = 357 
P u rdu z0.1 m x 0.9 N.s: m2 
; .02 4 
apr = PEHO! _ 128 x 0.9 x 0.020 x45.) 2 23,3 x 105 Pa 
rdt 70.14 
<. p at upper end 
= (5.9 x 10? — 3.3 x 10? — 1260 x 9.81 x 45 sin 15?) Pa 
— 116 kPa 
dAp* 0.13.3 x 10° 
To = — = — —— Pa = 183.3 P: 
a E mag eme ^ 
6.2  Fromeqn 6.19, u— —k(y?— cy) where k — constant. 
Total rate of K.E. flux divided by width 
Total rate of mass flow divided by width 
8 le 1 (ouu? dy te ud dy 
fo ou dy 2 fo udy 
8 =k? ¿0 — 3cy? + 3c?y* — cy?) dy 8 El Ach 
—2k fy (2 — cy) dy 2 70 
1 c 2 
Um = Ji u dy = Fes <. kc = 6um 
c Jo 6 
K.E. 3642 3 
E = x — =1.54342/2 
"Mas 2 70 Hm 
4 01 m?.s^! x 1.6Pa.s 4 
6.3 _ 40Qup 4 4x001m”:s" x JESN — 2.691 








RI 3 x(0.05 m} x 120 Pa 3 
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From eqn 6.15, m(finally) = 2.674 = t9/ty —.*. |to| = 320.9 Pa 


dp* 479  4x320.9Pa E 
E = = = —12 835 Pa. 
dx d 0.1m Se 


<. Ap = 12835 Pa -m™! x 15 m = 192.5 kPa 





d 
6.4 Case (a): Torque = 2arlu sr B Anc 


^, Power 2 To — 2x P? luo? [t 
Case (b) p -— 124lz/t? (from eqn 6.21) 
Power = Op — 2zrtup = 27 rt? p? /12ul 
2xr lp? B 2n1t3 p? 





Equate powers: 








t ui 
2 
whence p= EEN 
c 
dp 1240 
6.5  Fromeqn 6.20 qp S 
m UO _6nQ r 
1 = 1 
E =| ^ zn E p ( ) 


.'. Total lifting force between radii Ry and R2 is 


R Re 
[u tamaa RSA e] 
1 


gc we i 2 








But from eqn (1) above 


6uQ xp 
c InR2/R1) 





and there is additional lifting force p1 TR between radii 0 and R4 


es TDi Rj B Ri 21, R2 2 
` Total lif f = (kd R 
. Total lifting force in(Ro/R) | 2 1in Ri + pit Rq 
xpi (R3 = Ri) 
— 2In(R>/Ry) 








3 SUQINR/Rp) 6 x 0.08 Pa-s x 0.85 x 107? m? -s71 In 4 
tp 75.5 x 10? Pa 


= 3.273 x 10729 m? 


z. c = 0.689 mm 


6.6 


6.7 


6.8 
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cit = (u + Su)2z (r + år)b — u2nrh = 27 b(rdu + udr) 








dt 
su = = på en 
je 
gg hur + const. Const. = 0 to satisfy conditions at 
r=0 
ud 
"Fh de 
dp 12ua@ ` Gurdk 
From eqn 6.20, li ae 
° 6u dh Du df, 
ioa] rmn 
# 3u dh 5 à 
F=f p2nr dr = Bah (a^r — r^)dr 
_ 6x db B a 
bd dt 4 
B a 
2h> dt 


Weight — buoyancy of piston 
= (9 x 9.81 — 70.113? x 0.15 x 900 x 9.81) N 





=75.0N 
Using mean diameter 114 mm, eqn 6.27 gives 
4 ON 
V = EN = 1,194 x 1073 m+.s”! 
310.12 Ns: m7? x 0.15 m(114/1)? 
y A opi gs 
1.194 x 10 m. s-! 
ud ` d d'e 
Re = — 5 (odis Oair) 
v v 18u 


180v?0.1 
8(Odust — Qair) 
_ 18 x 1.225 kg-m~? x 14.9? x 10 m*.s ? x 0.1 
9.81 m -s72 x (2500 — 1.225) kg. m 
whence d = 2.713 x 1075 m = 27.13 um 
v. 0.1x 14.9 x 1079 m? .s71 


u = Re— = = 0.0549 m- s7! 
d 2.713 x 10-5 m 


Max. d? is when Re = 0.1. Then d? = 
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6.9 


6.10 


6.11 





13.7 x 1076 kg 
je EE Er 
Os 7/6 x 1.53 x 10-9 m3 ee 
. d?g(o, — 0) 
= 18u 
_ 1.5? x 1076 m? x 9.81 N- kg ! x (7750 — 950) kg m? 
B 18 x 0.5 m/56 s 
— 0.934 Pa. s 
do 0.5 950 
Re= ue = 7 X 0.0015 x zzz =0.01362 which is «0.1 


Difference of depths = 50 mm. 
Difference of torques = 0.36 N-m 


T(a? — b?) 
” 4zhab?Q 
0.36 N-m(0.0505? — 0.052) m? 
— Am x 0.05 m x 0.05052 m? x 0.052 m2 x 30 s-1 
— 0.1505 Pa.s 


[eqn 6.32] 





| 0.075 —0.025 — 0.075 mm 
E 150 B a 


- 5 [n(:55)- 21 
t= ev ai 2a—l 


$x105N-m" x (1/3000)? {in 225 T 


ô -.a=225 mm 








6x1.5m-s"1 75 | 300 
= 0.0626 Pa -s 


TS uV b 
Drag/width = F + SS In 5 
5x10? | 0.0626 x 1.5 
Eq cc que S EN 
| Es 1/3000 Z 
= 392.8 N 


+. Power = 392.8 N x 1.5 m-s~! = 589 W 


|. 6uVx(l — x) 
From eqn 6.36 p = Site — site D 
dp 6uV [te] E" 


‘dx 3Qa-l (a — xy! 
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al 
when x= 341 


2 
nou A. n — 5.63 x 106 Pa 
282a(a — I) (2a — I) 


D Pmax — 


From eqn 6.40 
a(3a — 2I) ln[a/(a — D] — I(3a — 1/2) 
= = 91.1 mm 


x= > 
Qa — 1) In (4) -2 
a-l 


1dp V q 


6.12 
F ESS SOE 
EE l2udx 2 p 


vo 2x 4. 3x 
= —> exp — — 3 EXP — 
2 PT pr] 


p VI 2x ql x 
å = C 
pp ag O a S" 


where C = constant. p=0 at x=0 and x=l. 


VI gl vl , ql 3 
"UL aee and "rum uf +C 
AO" À VI gl 
El t C le T 
iminating C gives ap? (e ) 3h) (e ) 
If max p occurs when x = xm and h= hm 


then V/2 = q/hm (from eqn 6.35) 


2 2 xm V 4 fer-1 
5 = ex = = 
ha us cou heci 


Xm 2 fe>-1 
fecum n (3 (Z) } = oses 


| FQ - £9? Qr e 

m 127 QR3e 
_ (20 x 10° N/0.06 m)(0.001)70.8 x 2.36 
^. 12x x 20z rad. s-! x 0.025 m x 0.6 





6.13 (a) 


— 0.01771 Pa.s 
P T e 4r uQ? R? (1 + 22°) x Length 
ower = lorque x = 
q c(1 — £2)1/2(2 + £2) 
—470.01771 Pa -s(207 rad :s1)2(0.025 m)?1.72 x 0.06 m 
E 0.001 x 0.8 x 2.36 


= 30.02 W 
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Supply hole ideally at position of min pressure, 
thatis, where h = họ thatis, c(l+ecos0)= c(1-8?)/(1+8?/2) 


3e 8 
2+2? 2.36 
.. Min pressure is at 220.3° from OC, that is, 130.3? from load line 


4c(1 — 22) 16 j 172: 
(b) n— Forex O (1): +1) 


..0= 180" + 40.3" 





“.cos@ = — 


4 x (0.001)20.025 m(0.64)? 
z (20x rad: s-1)(0.06 m)?0.6 


x (0.621 x 0.62 + 1y 1/2 
= 0.02895 Pa-s 


=20x 10 Nx 





XU gs _ 70.8 m 
4e "4x06 3 
-. 130.3? from load line is about 84? from OC. 





tan y — S.V. — 46.32? 
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.045 m? - s7! 
je A EE 
(1/4) (0.15 m) 


2.546 m-s~! x 0.15 m x 1830 kg-m>3 
Re= = 174 

x 0.04 Pa -s TS 
<. Turbulent flow. 


ESO + e = 0. 
f = 0.0014(1 + 100 Re 3) = 0.00679 





2g\d 19.62 0.15 
=1.574m 


? (4 2.546? (4x0. 1 
m=3 (+15) - sí x 0.00679 x 18 1.5) m 

+. Power = 0.045 m?-s7! x 1830 kg- m7? 

x 9.81 N-kg (6 +1.574) m 
= 6120 W 

7.2 e 1 2 1 -3 -12 

to for liquid — jeu f= 3200 kg -m "(2.5 mss )^0.01 
— 28.125 Pa 


1 
ro for water = 51000 kg - m ?(2.5 m.s 170.01 = 31.25 Pa 


Wetted area inside one tube = 70.025 x 3.65 m? 


= 0.091257 m? 
Wetted area outside one tube = 70.03 x 3.65 m? 
— 0.10955 m? 
Wetted area of cylinder = 10.75 x 3.65 m? 


— 2.73752 m? 
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Case I Area wetted by liquid = 18.252 m? 
Are wetted by water = (200 x 0.10952 + 2.73757) m? 
= 24.647 m? 


s Power 22.5 m.s! (25.125 x 18.257 + 31.25 x 24.647) N 


= 10.08 kW 
1 


Case II Power=2.5m:s" 
x (28.125 x 24.647 + 31.25 x 18.257) N 


= 9.92 kW 


s Saving 22.5 m.s! 
x (228.125 x 6.397 + 31.25 x 6.391) N 


= 157 W 
7.3 Jet velocity 2 /2g x 35 m= 26.20 m-s7! 
1.4 x 106 
Ted 


IMP 3500 x 9:81 
bp = (142.7 — 35 — 3) m = 104.7 m 


4x 0.01 x 450 u? 
|. 0.075 2g 


whence in pipe — 2.926 m.s^! 


2.926 
2 Qe Dy. a 
ft = Joao 50.075 m? v. djer — 25.06 mm 
Q= Z (0.02506)? x 26.20 m? -s7 = 0.01293 m? -s71 
1 
—— — 25.85 kW 


Power — 0.01293 m?.s^! x 14 x 106 N. m? x 07 


74 %=200 Pa = Ap* hd? (ral) = Ap*d/(4l) 


200 x 4 
— AP oe Pa = 480 kPa 





0 
- Dinler = (120 +480 + 155 X 9.81 x 60 sin 10°) kPa = 692 kPa 


480 x 10? 
bi = ——————m - 54. 
[ones 
Al wi lou — 32luv 


he s 


d2g ud gd? 





If flow is laminar 
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^. Re 2 23.15 x 0.1/120 x 1076 = 19290 


<. Flow is not laminar. 


1/4 
If flow is turbulent hy = E 0.08 (|) 


5/4 
74. gd? — EE ter -a 
7 seii = 2985 mst)" v u= 6.963 m-s 


-. Re 2 5803: OK 


ys 4 (0.1)? 6.963 m?.s 1 2 0.0547 m?. s! 





u2 : 2 
7.5 pus Af I Vier ( Area of jet ) = 4f40 x 40 Es St 





~ d 2g \Area of hose d d 
01 us 
< Z x 40m = m 
zdz 0. 2: x e B T Ra 
Use higher value of f. Then d’ > RE 
= 2 10 fr] 


^d » 1.445 x 107! m= 141.5 mm, say 150 mm 


7.6 10m water = 1000 x 9.81 x 10 Pa. Now hy = KO?I, 
where K = constant. 


+. (4+9.81)10* Pa = K(0.049)*900 m” - s7? 
New Ap — K(0.067)?450 m’ -s~* + K(0.049)*450 m’ -s~? 


" 2 
SE SEE a 
2 0.049 


<. Inlet pressure = (19.81 — 9.81)10* Pa = 100 kPa 


40 Solutions manual 


7.7 


7.8 


For steady flow, head difference = X losses 





Entry to pipe (1): i 0.5u?/2g 
4f I 
Friction in pipes (1) and (3): 2 x SE 
25 
where f = 0.005 (1 + =) = 0.00667 
2 x 4 x 0.00667 x 7.5 ut 
c Loss = eS 5.33u? /2 
SE 0.075 2g 11/28 
Enlargement, (1) > (2): 
(u1 — u2)? u [4 2 
L =—=|1-——| = 0.8813 /2 
OSS 28 2g 16 u1/2g 
. (2) 
since “42 = — 41 = | — uq 
2 
Af I u$ 
Friction in pipe(2): rai 
here f = 0.005 | 1 + e 0.00542 
re f — 0. === ]|=0. 
where 300 
_ 4x 0.00542 x 60 ¿uy? 1 — 2 
-. Loss = 03 Ei x 0.01722 /2g 
Loss at entry to (3) is 0.542/2g E 0.542 /2g 
Exit loss — uå/2g = 1.044 /2g 


Total = 8.2347 /2g 
s. 1.5m- 8.2347 /2g whence 44 1.891 m.s^! 


.O= 7(0.075)?1.891 m?-s~! = 0.00835 m?-s~! = 8.35 L-s7! 











370 x 10° 
Inlet head = 0987 m= 46.0 m; Static lift = 20 m 
4f185 / 0.040 \? 
<. hg =26 m = f 
f m= 19:62 (hz) 
^. d? 2 0.003763f m? 
0.040 d 2.214 x 104 
= = m | = —— —— m 
2 rad 2.3 x 10-6 d 


Try f =0.006 Thend=0.1177m; Re = 1.886 x 10°; 


k 0.15 x 10-3 
d 0.1177 
<. f = 0.0057 


= 0.001274 


Then d = 0.1165 m; 


^f = 0.0057 
-. d = 116.5 mm, say 120 mm 


1/2 
7.9 o = -3a (281) os k 


l 


7 19.62 x 26 12 
MO AA 
5 (0.075) ( ) 


185 


2.51 x 2.3 x 1076 
(0.075)3/2(19.62 x 26/185)1/2 


= 0.0127 m? -s7! = 12.7 L - s7! 


7.10 S e 
A 


(1) (2) 


x— — X 
* u2 
Manometer measures Pa Se ee | 
og 2g 
that is, 2g [a — (u — ON 
1 2/ 2 
= (2mm — u) = H 
2g 2g A Az 
„O 2ghA2 


T Q/A) — (1/42) 
19.62 x 0.517 x (1/4)(0.1)? 


Re = 1.901 x 10°; 


Siere CN 
3.71d d3/2 (Rehe) 


al 
| » 
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= 0.001288 


0.15 x 1073 
3.71 x 0.075 


E 
d 


2.51v 


3,571 


Let head difference 
above level XX be h 
metres of liquid. Then 
(b + 0.05)1200 x 9.81 
= 0.05 x 13600 x 9.81 


z. h = 0.517 
D 
08 
1 
A5 
B. ce 





[2/6/4005] - [1/6/4049] - 


= 8.93 x 107% mê - s7? 


7. Q = 9.45 x 107? m? s7! 


. Mass flow rate = 9.45 x 107? m*.s7! x 1200 kg: m^? 


= 11.34 kgs? 
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A: | 
7.11 Ge ED 
DA — -T 3g 


1 Ari  4f1/24% 
s — bis EE MEG 
- (he)B SE d 29 


- 2fluå 1 
a 


x bal 
since 4/5» — 43 — — 


2 
he), = (br EE $ = 1.265 .-. Increase = 26.5% 
( B A u 5 


7.12 





Length to X = x = v7.52 + h? [m] 


4 x 0.01 x 36\ u? 
0.1 2g 


2} 
-. £ 0.2893 m 
2g 


46m= (1 + 


40 x 103 uz 


1000x991 5*2, Pc Em 





Energy/weight at X — 


= Energy/weight at A — Head losses between A and X 


101.3 x 10? (o gu Zi u? 
e e DL — S M ——- 
1000 x 9.81 d } 2g 


4 x 0.01 
.. 0.2893 (1 + 0.5 + SE 7.52 + s) +h 


0.1 
=~ 61830107 
~ 1000 x 9.81 


.0425 m? s7! 
7.13 Velocity at C = EE 
(1/4)(0.1 m)20.62. 
0.0425 x 
(1/4)(0.2)2 


+1.8 whence Pb = 6.47 [m] 


=8.73m-s" 


Velocity at B= s7! = 1.353 m- s7! 
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(8.73 — 1.353)? 





Head lost C — B EA m = 2.772; m 
= Loss between A and B 
2 2 4 2 
PB=PA Ui 4B b ((200/150)* — 1)1.353 
= = 2.772 
og 2g ! 19.62 DCUM 


= —2.571 m 


Power — 0.0425 m? .s7! x 1000 kg. m^? x 9.81 N- kg ! x 2.772 m 
= 1156 W 


7.14 E ud 40 3.2 
e — = = 
v zdv 70.6 x 1076d 





(m) 


which is >106 for all reasonable value of d. 


For given O and o, power x he x E 


d? 


1/3 
f depends on relative roughness; .. f « (5) 


^. Power e d 19/2 


— If power halved, d multiplied by 27/16 — 1.139, 
thatis, d — 569 mm 





4(Q/n) 
v 


mb ^. do — di/n 


For n pipes in parallel Re = 


32f1Q/m? 
med} 


320031 PG 
= din x const (=) 


d —16/3 
CR 
n 


P f i 
AP L n103, Thisis>1 ~. No advantage. 


Total power = nog b, — ogO 





' Power for 1 pipe 


2 2 
Ze Pipe 1: Gei “A which is lost] = A E +1 
2g 2g \ di 
1607 
Bs) 
n2dj2g V di 
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7.16 


7.17 





160? 4 x 0.008 x 45 2 2-5 
= 1) s2- 
72(0.1)419.62 ( 0.1 y ) m 


—1.272 x 10*Q? s?. m^? 





u2 1603 4 x 0.008 x 60 
Peds pe 2 ( 1) Be ass 
PE ME 0 9 0.15 m 
— 22520 s? m^? 
`. Total head at pump outlet (inlet as datum) 
=6.6 m+ 12 72001? s? m^? = 8.6m + 2252Q3 s? - m~’ 
. 12720(0.037 — Qo)” = 2 + 225205 
whence Q > = 0.02153 m>-s7! 


+. Head at outlet = (8.6 + 2252(0.02153)?] m=9.64 m 


4 x 0.01 x 16 x 10? 
ans — O3 1953 A — 108.712 [s?- m^ !] 2 125 m— h 


where P = head at D above C. 


AO a 
hps— —55.1955 "5796845 [57 ml] =h—30m 


4 x 0.01 x 8000 


2 2 r2 —1 
== ÁS EL — 1 A . mE hb 
mesoi 0 INIM Ae omn 
Continuty: 4 (0.3? u4 — 1 (0.2)? up 4- 1 (0.15)? uc 


Hence h = 89.2 m. 


| 1392 E Së _ | 89.2 1 
<. UB = 9g,g P$ —0.781m.s ; uc= 1087 5 


— 0.906 m.s! 


On = (0.2)°0.781 m3 .s~! = 0.02456 m3. 5~! 
Que = (0.15)°0.906 m?-s~! = 0.0160 mř -s71 
0.48 å 


; 3 .—1 i = 
OQ from A is 0.48 m^? .s pm CEDE NS 


— 1.086 m.s! 


4 x 0.006 x 104 1.0862 
MP på oom 





7.18 


Chapter 7 45 


Head at junction above level of pipe 


= {3 4 (2.2 x 1073)104 — 19.25} m= 5.75 m 


(bs) y =(5.75+ (2.75 x 107?) 5500 — 3} m = 17.875 m 





2 
_ 4x 0.006 x 5500 / 0.24 
E dg19.62 (1/4 dz 


whence dg = 0.512 m 


(hi) = {5.75 + (3.2 x 103) 3000 — 3} m= 12.35 m 





2 
_ 4x 0.006 x 3000 ( 0.24 å 
8 dc19.62 (7 /4)d2. 


whence de = 0.488 m 


_4x0.008x 1000 u? > 4 





30 m = T— *.u=3.322m-s" 
OG 0.6 19.62 * S mes 
-Q= 7 (0.6)?3.322 m3.571=0.939 m3.s"" 
i we. d ; 

1 = 301 f = 31000 x 3.322? x 0.008 Pa = 44.1 Pa 

Wax 
dl en 
n first half 0 pipe u u 1500 

do 0/3 


t t f inlet si = SS A 
at x metres from inlet since ( EG 300m 


he 





4 500m 4 500m i 2 
= af u? == af (vis ue UinX ) 
2ed Jo 2ed Jo 1500 


0.032 41 E 
z 1 1500 
19.62 x 0.6 in E ( 5505) ( | 


2x3 19 
= 2]13 [£2 = 277 
— 1.35942 | (3) | 1.3595, 77 


4 x 0.008 x 500 (; | 


zin 
0.6 x 19.62 3 


500 





0 


4 
— 1.35942 — 


ho = 
£2 ing 


19 4 
m= hfg t ^p 2 (35+5) 


whence Min =4.385 m-s”? 
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2 
NEE 4.385 m.s | 22.923 m.s! 


~. Oout = 2.9237 (0.6)? m? s^! — 0.826 m? . s^! 
4 








7.19 
1m For upper, rectangular, 
A portion — (18 x 9 m?) db 
1 =0.9% (0.15 my? 
1m 4 
4 h x 2//2gh dt 
a er "1-12 dh = 952 s 
17 0.9 (0/4) x 0.152 x 2V19.62 Jam 8 
h 
For lower, triangular, portion A= 718 x 9 m? = 162h m? 
— l Ab! dh 
0.9(7/4) x 0.152 x 2419.62 Jim 
0 
=7.10 | -—162h"?dh= 767 s 
1m 
Total time = tj +t, = 1719s 
7.20 


1.5 6 5 
dh = 5 (Za — 2p) = 8% — (- 70a) = GOZA Za = ¿e 


— (1.5 m2) 20h = 0.67 (0.025 m)? v 19.62 m-s~2h!/25¢ 


2 —1.5 x (5/6) 
0.6(/4) x 0.02524/19.62. 12m 


b- 1? qp 2958 x 241.25 


7.21 Let surface areas of tanks be A, B. Then A(—óz4) — Bózg 


= OSt 

A 2.5? 34 

ób — 6 — =ô 1+—]|=5 1+ — | = —ô 
(ZA — ZB) al +5) 5 «x 9 ZA 


pcs ud pure c 2 
^. Qàt — — t Ab — —(01.30 mh 


4f I u? 4x 0.01 x 75 u? u? 
b= | 15 | =f SS 61.5— 
E T s) DE ( 005. | 5) ag 4599. 
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HE (0.565 m2. SCH bi? and Q= (0.00111 m2. SCH hl/2 


x 1.30 |. 2.60 
1m 0.0011151/2 " — 0.00111 





(1 SE) = 1200 s 
whence x=0.238m 


<. Ab =0.762m ~. Aza = 5 x 0.762 m = 0.2017 m 


7.22 0.6 m 


A= 77? 


Ni =r045+6-19 
0.15,2 

15m X sd m^ 

| = T 


2 2 
b (0.3 + 0.1h) m 


| | 


0.45 m 15m 


h h 2 
r=- f? Ean [^ 032210 LA 
p, qu hy d?/4 2gd 


4 /4fl A -1/2 1/2 3/2 
=a Gf (0.09h—1/2 +0.06b!/? +0.01h>2) dh 
17: 


4 1471 1/2 3/2 5/2178 
— zg [018 + 0.04h3/2 + 0.004h lie 


4 /4fl 
= — |= .2027 = 
27 gg 0 600 s 





j 4311/5 
4^ x 4 x 0.008 x 36 x 0.2027 
d= m 
19.62 x 6002 


= 0.0404 m, say 40 mm 


723 0.017 m? .s7! 
Initially 4 2 —=— 
(1/4)(0.075 m)? 


u? 4x 0.01 x 3 u? 
DR = ( 0 — 0.075 ) Ezz 


= 3.848 m- s7! 
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whence h, = 0.462 m (depth in tank) 


7 KN å 


When O =0.034 m3-s7!, (0.034 m?. 571) dt = Adb + an de 


1/2 
that is, år 0034-0079? [BELE] | 


T 


2 
=7 (425 + Al dh [metre, second units] 


ES 





7 d (4.25 + (7/6)b)? db 
0 


d 
å Ju T-TEST 


An analytical solution is possible. Put denominator = x, 


then (az) =1.5+b 


—2(0.034 — x) 
0.012142 


2 
7 2 ud 7 [(0.034-xV? 
Tings == ar EAS 
T 4 0.012142 jus a ( 0.01214 ) 


x (0.034 — x) a 
x 


and dh = 


0.017 2 
= 1.067 x 10* / (11.66 ~ 539% + 79212) 
0.01298 


8 (= 8 1) die 
x 


0.017 
4.62. 
(= — 563 4- 2.870 x 10*x 


x 


= 1.067 x 104 / 
0.01298 


— 7.65 x 105x2 + 1.067 x 107x3 — 6.27 x 107x*) dx 


= 1.067 x 104 [4.62 In x ~ 563x + 1.435 x 104x? 


0.017 
— 2.55 x 10?x? + 2.667 x 106x* — 1.255 x 1073] d 


= 1626s (This depends on relatively small differences.) 
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7.24 At any time, head required 

2 2 

"E HQ 

h | n?gd 
3m 500 x 10? 
= ——— m= 50.97 
| 190008 ONC 
7?gd> 


- Cr — LO. 
~. Q? = (50.97 m — b) m 


= (50.97 m — 5) 2.955 x 1076 m? - s7? 
Also O = Adh/dt 





5.5m 3 5.5 
32m V¥2.955V/50.97 —h V2.955 3.2 
104 





ETE (147.77 — 145.47) s — 980 s 


1 
Power required — Oped + he) = —Q(500 kPa) 
n n 


1 
.'. Electricity used in time 8£ is —O(500 kPa)ót 
n 


— Total used = “(500 kPa) f Ode 


= 1g 00 kPa)(Volume transferred) 
n 





1 5.75 x 106 
= —— 500 x 103 x 5 x 2.3 N-m= === . 
re er 77 0:52 x10 : 
5.75 x 10? 
Woh = 3072 LW ch 
0.52 x 3600 ^V SVEEN 
7.25 32f 10? 
At any instant, head required = h + hę = h + f e 
med 
300 x 10° 
SEE es 30:58 
ms Cem 


z?gd? 


-. Q? « (30.58 m — p) ri 
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Also O = Adb/dt 


EN dh um fi 
"Joe 730.58 —hy1/2V gd’ 
B 32f i 
= u- 20. 58 — b) P BN 


2 
= 3 m 07.581 — 24.981/2) 


un 13 32 x 0.007 x 35 
DP = 29212597 E 0.2537 
* 15 x 607 9.81 


= 9.624 x 1074 [md] 





d 2 0.0621 m that is, d > 62.1 mm 
7.26 Final difference of levels = (40 —2 x 15) mm = 10 mm 


dzi t E 
A(- de) > Q= Ad 











, A des js EE E 
"dt dt ie A A128vl 
64vlA [991m db 64vlA 
t=- f == 1n4 
grd* Jooam b gnd^ 


ognd^t 840 x 9.81 x 1071? x 478 
64AIn4 — 64x 0.4 x 100.02? In4 





U= 
= 1.110 mPa-s 


7.27 Ap* = (7 x 103 — 4.62 x 10?) Pa — 1000 kg: m^? 


x 9.81 N kg" (30 sin 45) m = 29900 Pa 


R dp* 29900 Pa 
Horde ONA 5) 
= (—)12.46 Pa 
T Y - 29900 Pa 


= (—)4.98 Pa 
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7.28 (pı — p2) x R? — F — Rate of increase of momentum 


R 
= d 027 r dri? — on R2 V? 
0 


R dax 
r| 1- — dr — ox R?V? 


_ 2 
=2704V / RZ 


0 
4 1 
= 370R^ V. — ox R? V? = 37R oV 


<. F = aR? (p1 — p2 — 0 V° /3) 
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8.1 1 1 1 
8* u . mn 2 Tm] 
| d ( ar d sin 5.) dn DE z| 

2 
= 1 — — = 0.3634 
T 
0 ly u 1 TN rn 
-= — f 1- — | dy = in — — sin? —)d 
ó | =( =) i (sin 2 UR >) í 
2 nn on 1. : 1 2 
E II ode A Í = 0.1366 
| n S q zin] 25 


8.2 From Blasius's solution, 5 = 4.91x/(Re,)!/2 


_ 6m-s1x24m = 
~ 14.9 x 10-6 m2. sl ` 
_ 491x24m 

(9.66 x 105) 1/2 

= 0.01199 m 


Re, 9.66 x 10? 


19 — 0.332 ou2 (Rex/2) "2 [Table 8.1] 


-1/2 
2 d 1 5 
0.332 x 121 kg m^? x (6 mn: Ke 


2 
= 0.0208 Pa 


Total drag on one side = 0.9 m x 0.664 x 1.21 kg- m^? x (6 m - s71)? 
e 2.4 m 

(9.66 x 105)1/2 

^. Power 22x 0.0686 N x 6m.s ^! = 0.763 W 


— 0.0636 N 


For turbulent layer 


0.074 
Ch =0:074Rey === 0.0470 
Å (Re) (9.66)1/5 x 10 
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1 
z. Power = 2 x 5 Olin (Area) Crttm 
= 1.21 kg-m~*(6 m-s~!)3(2.4 m x 0.9 m)0.00470 
= 2.654 W 


8.3 Since U — constant, eqn 8.9 gives 
d 8 a 1 
To = e) (U —u)udy = Zs f q 7 (1 — q!/7)dg 
Ox 0 ax 0 


[where y = y/6] 


7 37 7 97 1 7 dô 
= ee a 
g” 9" 0 


9 
= 0U"—5 
S x o 72 dx 


= 0.0230U? (x). 


aes ae v \ 1/4 
= do — 0.023 (77) dx 


7 4 1/4 
$ 7 x 35°" + const = 0.023 (5) x 
but const.=0 since $=0 when x=0 


5.6 2 0.3773x P (y JU)! 5 
E 7 
Total drag = 2b | To dx = 2b x —0U*?%8 
Å 72 


7 
= 36P9U%0.3773*P(v/UY 1 


= 70.8 m(1000 kg- m~’) (3 m- s71)? 


36 
1076 m? - s71 ) ne 


x 0.3773(2.5 m)?? 
3m.s-! 


= 55.69 N 
Power = 55.69 N x 3 m - s7! = 167.1 W 





8.4 (a) 10.5 m.s! x3m 6 5 
EE ER Re, =5 x 10 
xf — 5/21 
Xt — XQ 36.9 
x G x 1053/8 GE 


- x0/xt = 0.731 
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xo XO Xt 5 
== —— = 0.731 x — = 0.1740 
ps] 501 


0.074 


O ies 4/5 _ 
Sarsi e SUN T3 


Cr 


1 
^ Drag — 3 QU (Area)0.003454 


10.5 x 0.3 
(b) Re; = eqs =2.1x 10% .: Wholly laminar 
20 -1/2 
Cr = ms 1.328(Rej) [Table 8.1] 
— 0.00290 
0.003454 
'. Ratio = ——— = 1.192 
> Nato = "9.00290 1 
3 
Se Um = eee m- s7! = 44.44 m - s7! 
3600 
44.44 x 110 x 1.22 
i Re = OR = 3.332 x 103 
za 1.79 x 10-5 S 
If transition occurs at Re = 5 x 10°, length of laminar layer 
5 
Se ME lesan 
3.332 x 108 
<. Assume layer turbulent throughout. 
0.455 
From eqn 8.26, Cp = ————~— = 0.001808 


(8.5227)258 
1 —3 
Power = 110 m x 8.25 m x 5 x 1.22 kg- m 


x (44.44 m.s 1)?0.001808 x 44.44 m.s! 





—87.9 kW 
8.6 Ve Turb. At transition Rex, 
= 29m-s-!x 0.5m 
~ 14.5 x 1076 m2 . s-1 
= 106 
0.664 x 0.5 m 
3m (Olam = ao ` 


= 0.332 mm 


8.7 


8.8 
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So for turbulent layer with virtual origin at x = x9 
0.037 (xp — x0) 

{U(x — x0) /v) 3 

0.037 (xx — x0) VS 

7 (Ux,/v)'/ 


1.15 x 0.332 x 1073 m = 





whence x;—x9 = 


5/4 
1096/5 x 1.15 x 0.332 x 1073 m f 
0.037(0.5 m)!/5 


= 0.1237 m 


"2 Xo — 0.3763 m 


c DN — 0.004397 m 
(29(3 — 0.3763)/14.5 x 10-6)1/5 





Drag/width = OU sin edge 26; e. 


Cp = = = 
5 loU? x length 30U2 x length length 


_ 2 x 0.004397 m 


= 0.002 
3m 0.00293 


If main-stream velocity remained unchanged, 


1.8 x 0.150 


voters 2.231 x 10? 
x x 


Re; = 


<. Laminar boundary layer 


| 1.721 x 0.150 m 
~ (2.231 x 105)12 


* 


[Table8.1] = 0.546 mm 


E p T e 252 
ity 2 44 —————— e lm ‘-—_———___ 
MES Mie DE (25 — 1.092)? 
— 1.968 m.s! 


1 
Pressure drop — 31000 kg - m~? (1.9682 — 1.82) m? - s7? 


= 317.2 Pa 


_ 22 x 0.003 
~ 15 x 10-6 


w x 0.003 m (1 et 


De E 


= 4400 


Eqn 8.33: . œ = 1445 Hz 
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8.9 


p — const —-ioQU sin@)* if boundary layer thin. 
If separation occurs at Ó — $, total component of pressure drag where 
boundary layer is attached 


d 
= al (const — 20U? sin?Ø)rdø cos 0 per unit length 
0 


1 $ 
= 2r [c sin 0 — 29U* sin? e| 
0 


2 
= 2r E sin $ — 30U* sin? J 
p at separation = C — 20U? sin? $ 
.. Drag divided by length, due to pressure in wake 
= —2r(C — 29 U? sin? $) sin 
.. Net pressure drag/length 
4 8 
= 4roU? sin? d 3700" sing = 370U" sin^$ 
8 2:3 
3roU^simó 8.3 I 
Cp = 3—— = 3 sin 6 = 1.24 >. sing = 0.7747 
S Lo U2x2r A i ? 
"$0 — 50.78? or 129.22? 


But separation occurs only where pressure gradient adverse. 


'" $ — 129.2^, skin friction neglected. 


sd 
Um = 2U sin — 
j 


4 
Atx=x1, 0?-— DE v sin? — 
2U sinf (x1/r) J0 


4 2 
9: r f -( cos? Ž) d (cos =) 
CU (x1/7) Jo r r 
—0.45vr E 3x 1 ; | 
é COS + = cos 
Je (x1/7) 5 


_ 0.45vr 
2U sinf (x1/r) 


8 2 1 
x 5 cos E S cos? 77 5 cos =] 
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pe 0? dum 
v dx 
0.45 
= E | B COS å + S cos? a : cos? | 

2U sin (x1 /r) 15 T 3 T 5 T 
2 

x —U cos M 
r r 


which is satisfied by A = —0.09 and = 103.1° 


EN 
15 x 10-6 


(a) From Fig. 8.14, Cp = 0.08 
1 
~. Drag = 5 x 1.21 kg-m™3(60 m-s 527 (0.15 m)20.08 
—3.08N 


(b) From Fig. 8.14, Cp = 1.10 


1 
:. Drag = 5 x 121 x 60° 70.15? x 1.10 N = 42.0N 


8.12 Drag = 90 x 9.81 N when u = 6 m - s7! 
Assume Cp = 1.32. Then 


1 
90 x 9.81 N = 5 x 1.22 kg: m? (6 m-s71)? x 1.32 x ad? 


<. d = 6.23 m 


6 x 6.23 ; 
Check: Re= NE: exceeds 10 


1/3 
8.3. (4Re/3Cp)"” = ur [o?/gutao)]| 
2 
=10m-s" Ia kg:m^?) / (9.81 N-kg7! 


1/3 
x18.0 x 107° N-s-m72 x 2798.79 ken" | 
— 14.36 


.. From Fig. 8.15, Re— 1148 


|. 1148x 18x 10 5 N.s. m ? 


xod = 1.708 
10 m.s-! x 1.21 kg -m>3 SE 
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1/3 1/3 
For water (ore?) =d {o(Ao)g/n} i 





m3 .m-3 . 2413 
= 0.001708 m | 1000 kg. m^? x 1800 kg m^? x 9.81 N - kg | 


(1073 N - s. m-2)2 
= 44.48 
.. From Fig. 8.15, Re = 443 


443 x 107° N - s - m~? 
~ 0.001708 m x 1000 kg - m7 





ur ; 20259 m.s! 


.01 Pug 
8.14 uc 0.0185 m^.s —2355m.s! 
(1/4)(0.1 m)? 
f= 19.62 m-s~? x 1.89 m x 0.1. m 
^— 4x25mx (2.355 m.s-1)? 


2, «871 x0.1 
Hal M E 
1.2 x 1076 m? . s-1 


Eqn 8.56: 





— 0.00668 





k 1.26 
0.00668)71/2 = —41 
( ) TET * 1963 x osx] 


whence k/d = 0.002955 


R 
(Um — mr R? = d (uy — u)2zrdr 
0 


TQ 1/2 p0 R 
= -—2zA (2) / (in =) (R— y)dy [from eqn 8.50] 
Q R y 


EENG 


TEE EK dE RE 


m d + 375/21] — 2.866 m.s! 
1 


1 
To = 30 f = 5 x 1000 kg-m73(2.355 m. s71)?0.00668 
— 18.54 Pa 


8.15 hr 1000 kg-m> i 50 x 1073 m 
l | 027kg.m 1000 m 


no, 7 p(2ghd V" 
Quum ( 4fl ) 





= 0.07143 





zc aua 285; ^ [sto (Re f1/2) — 0.4} 
4 4] 810 
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mos (gb 2 
= 2d ES {2logio(Re* f) — 0.4] 


1/2 3 
9 gs (8h 2gd hey ` 
= vd ( 2l ) [zone (zm 0.4 


m 1/2 
9.81 m.s i: 
2 


.81 x 0.25? x 0. 
«ess (22 x 0.25 a 02] 


T 
= (0.25 mm)" 
(0.25 m) ( 2 





2 x 182 x 10-12 


= 0.204 m? .s ? 


m Ap* d -> ogh; d = +3 -1 
To = 47 74 7 07 kgm x 9.81 N-kg 





1 
0.0714 — 
x 0.07143 x 16 m 


= 0.03066 Pa 
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1 9 d Ke i 
7 E Continuity is satisfied 
ox dy 
av ðu s 1 å 
ut — — — Z0  .. Flow is not irrotational 
ox oy 


9.2 Only (a) and (e) satisfy eqn 9.9 


9.3 ov ap 
u=—— =4y=—— " ø=—4xy+f0y) 
oy ox 
dy og 
C +4x ay p= —y—Axy t+ f(x) 
s. $= —y — 4xy + const. 
av ou . : 
= — —~ — =4—4=0 .”,, Flow irrotational 
Ox oy 


At (1, —2) g? = u? +v? = (64 + 25) m? - s7? = 89 m? - s7? 
1 
<. eg (4800 + 3* 1.12 x 59) Pa 
At (9,6) q? =u? +1? = (576 + 1369) m? - s7? = 1945 m? - s7? 


1 1 
apep- jer = {4800 + 5 x 1.12(89 - 1945)| Pa 








= 3761 Pa 
Ey 9 AL LY Y, B 
NE cH E Lau and y = A0 + f(r) 
d d 
EE Y 


rao ər VE 
s. WV = AO + const. 


31 /2 
9.5 — (1.52 + 22)1/2m = 2 Lacie En 
r= (1.54 + 2^)” 4m Sm qr 3725 





1 
Along radial streamlines p* + 307; = constant 


Or dqr m ) 
gp ge NA 


= 800 kg-m~? x 0.3 m-s7! 





31/2 5 








—— ———m 
2x (2.5 m? 
—28.8Pa.m^! 
do, 37/2 Se _ 
Acceleration = gr dE rct å m 5 pis 2 5 —0.036 m.s? 
dr 272.5 
9.66 dh uv dh €? 
— = — and wmr=constant=C => 
dr gr dr gr 


Ge Frede SEE å 
8 71 r? 2g n p 
T2 T) 
Ur sudr=sC | F=scm(2) 
T1 T1 r 71 
2g(Ah)rir3 es r2 2g(Ab) e r2 
mE e—————— In < ] 2 srira SE In | — 
nn" ri nn ri 
s s 
se) 
1/2 


2g(Ab) h (2 2 


2 
= G Æ 5) (sg Ab /r)"? In (Z=) 
4 2r—s 


97 dp*/dr = ow?r. Here w = const., 








1 
pes jov r + const. 


At free surfacep=0 .. ogz= Lowtr +C 


(which is eqn of paraboloid) 


m.s!203m.s! 
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2,2 
Take z=0O atvertex. ThenC=0 .. z= Se 
R 2 2R4 
Volume of air = fre = 1 arar dr = EC 
0 2g 4g 


Rå (= =) 
= SSC 


2. 4g(0.05 m) 
e nue et 
R2 
0.2 x 9.81)1/2 
= A AU rad.s ! — 28.01 rad. s^! 


; 1 
9.8 Pressure at circumference = oe RI 


sel -3 Sr 

= 7200 kg -m (2x x 15rad.s ) 
x (0.125 my? 

= 62.5 kPa 


1 
Force on elemental annulus = Ne x 2nr dr 
R 
<. Total force = oor | P dr 2 oo? n R* [4 
0 
= {900(2x x 15)?x(0.125)* /4] N = 1533 N 


1 
9.9 In forced vortex p2 — p1 = 300? (rå ri) = 





1 1 a? 
In free vortex py — p1 = ~0(97 — 493) = zoqi ( = ; 


1 > e 
es fal 
zon 2 


If p; — py for forced vortex = 2(p2 — p4 for free vortex) and qı is 
same for both, 





e T " et A 2,2 4 
then j ^ 2[1-— > | whence +) — 31717 + 2r¡ =0 





2 
ri 15 
377 + ,/9rt — 874 
ux et GA 1 122 ne pe 
ag 5 =2n o ri 


Reject " B " because then p2 — p1 = 0. . r3 —r1V2 


9.10 


9.11 


9.12 
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1 
For forced vortex q=ær and pi — på = sour 


1 
For free vortex qr =C and p*=K-— 307 


At interface q = C/R = WR z. C = oR? 
1 1 
p* =K- 50° R? = zeo R? + pi 2 K = pi +00?R? 
At r=, q=0 oo Pek 
Poo — PO 


z. Difference in surface levels = = e? R?/g 


08 
1 1 1 
In forced vortex p* — 20w*r? = 20q? = 21000 x 6? Pa 
2 ida: 
=18 kPa where g=6m-s" 


For free vortex qr = C= wR? = (307 rad 571) (0.1 my? 


= 0.3m m? - s7! 
1 œ 
* 
E e 
p 227 


At R— 0.1 m Přorced = Dede 
1 2 
that is, 31000 kg: m^? (307 rad - 5) (0.1 m)? 


3 (0.37 m?.s71)2 


1 
— D — 11000 kg- 
2 E (0.1 m)? 


whence D = 90007? Pa 





In free vortex q =6m-s7! when 
C 0.37 Um 
r= — = — m= —m 
q 6 20 
1 0.37)? 
Then p* = 1 900072 — 11000037" | pg 
2 (1/20)? 


= (90007? — 18 000)Pa 
= 70.83 kPa 


*. Ap* = (70.83 — 18) kPa = 52.83 kPa 

For forced vortex w=8 x 27 rad :s7! = 50.27 rad. s^! 
1 

and p= sour +A. Let p=0whenr=0. 


V A-O. 


64 Solutions manual 


Total force on top of drum caused by forced vortex 


0.15m 1 x 
/ 00? 21 rdr = —ow*(0.15 my? 
0 2 4 


2 
7900 kg.m^? (50.27 rad- SH (0.15 m)* = 904 N 


For free vortex g,=C and p=D— toq? 


Atr = 0.15m, p = 10w? (0.15 m)? and q — «(0.15 m) as for 
forced vortex 


1 1 
: 590" (0.15 m)? =D — 50% (0.15 m)? 


whence D — oo? (0.15 m)? 2 900 x 50.27? x 0.15? Pa 
= 51.2 kPa 
C = qr = (50.27 x 0.15)0.15 m*-s7! = 1.131 m?-s7! 


0.3m 1 C2 
z. Total force for free vortex = / Da so. | 27r dr 
0.15m 2'r 


Dr? 1 ei 
= 27 | — pon 
2 2 ro 
0.15m 


(where In ry — integration constant) 
12 1 
= 27 [Fox - 0.152) — 5200 x 1132] N 


= 8343 N 
.. Grand total = 904 N + 8343 N ~ 9250 N 


0 30 20 
9.13 Forasink y = -—m Vi = m.s, p = £2 mÊ. sT! 
27 2x m 
1 
uy- Ga +20,) mg” 
mw \2 
19 3 
q mo for (1) when r=2m 
1 
and — —— ms! for (2) when r= 2v2m 
nV/2 
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1 
A Bom HE ET Mée 
1 1 1 
= — m- = =1 
27 ae = Gr ms 
pt (-z- 1 cos45°) m-s! = 0.429 m- s7! 
In ny2 at 360° — arctan 2.5 
IEEE 
4m S — 291.8? 


By symmetry, stagnation point is on x-axis and at (s, 0) where 


3 4 6 
-—— = - >. s= -m 
Jare 2x (2. m — s) 7 


: y eg 6 
that is, stagnation point is at 7 n 0 


9.14 
Rankine oval 


Source at (—b, 0), 
sink at (b, 0), each of 





strength |m|. 
m 
Then y = —UY + — (62 — 61) 
27 
m 2by 
= —UY + ax arctan x2 b4 y2 
.. Eqn of surface is: the above = 0 
21 UY 


For the point (0, Y) on line y = 0, 0, — 01 = 





= 7 — 26, by symmetry 
HUY m 


0 t Å that i b tan AUS 
UA — arctan — atis, — — A 
m 2 1! Y Y m 


Also (—X, 0) is stagnation point. 





m m 
O REN 
h m |Ox?- p 

whence mI b 


Max velocity, at (0, Y), is 


m 


U + Ir 4 YD cos 64 + 


m 
mn VARE cos(x — 02) 





=U+ - e | 
= 277 (b2 + Y2)1/2 | (b2 + Y2)1/2 (b2 + Y2)12 
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mb 
"TT sën 
X -bU one) 


=U p 
+ b2 + Y2 Y2 + b2 


x24y2\7 
uu) 


1 
.. Max pressure difference = 300? 


9.15 Eliminating m from the two simultaneous eqns in Problem 9.14 gives 


bs ibi 
ES UE 


Then with X — 0.1 m and Y = 0.05 m, b — 0.0781 m (by trial) 
-. Distance between source and sink = 2b = 156.2 mm 


X? — b2 0.12 — 0.07812 
imi =o ( Jara TE a 





b 0.0781 
= 0.471 m? - s7! 
X2 + y? 
Y2? + b? 


0.12 + 0.052 
= (3m.s7!) Ip tabo doge ege 
0.052 + 0.07812 


Max velocity = U ( ) [as in Problem 9.14] 





9.16 Ymax = 0.05 = (metre, second units) 


m 
2x15 


<. m= 1.5 m? - s7! 








1.5 
Stagnation where r = LU T$ 15.92 mm 
0 2UY 
Eqn of surface is — UY — ker that is, 0 = 7 | 1 — —— 
27 2 m 
y ( a) 2x UY 
> =tand = tan | 7 — —— | = — tan 
x m 
Y i 
"ox — —ycot — —ycot(207 y) (metre units) 
When y 20.025 m, x 2 0 that is, 6 — z 
gd 2 -Usinó 2 -15 m.s! 
m 1.5 Ga 30 4 


ode E A EN 
re NS SE 
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2 
Ap = T ais Ta 1.23 kg. m^? ber Zlatan 194.5 Pa 
2 2 i 72 i 








9.17 y =-—Uy-— DE o +02); tanı = E tan 62 = wee 
27 x 
*, tan(@ + 62) = aaa = 2 
i 1 = (y2 — a?) /x? x2 — y2 + a2 
m 2xy 
y= -Uy-,, tan (a5) 


ov m ek I 
UT Ox On (x2 — y? + a2y 
(el — y? + a?) 2y — 4x?y 

(x2 — 32 + a2)? 
m 2y (a? -x — y?) 
2m (x2 — y2 + a)” + 4x2y2 








= 0 when (i) y=0 or (ii) a? =x? + y? 


av m 4x22 P 
=== = Oe —— 
dy 27 (x2 — y2 + a2) 
(x — y? + a?) 2x + 4xy? 
(x? — y? + ny 


m  2x(x? +y +a?) 


= U+— 1 
27 (x2 — y2 + ay + 4x2y2 
mx 
For case (1): u = U + — 
0) z (x? + a?) 


=0 when rUx?+mx+xrUa=0 


m m2 
hat is, wh EC CO 5523 
thatis,when x int ~ ¥ 4202 a 


For case (ii): u=U+7—=0 when “==> and 





2 2 m? ; S 
A op which is < 0 


z. Impossible 


68 Solutions manual 
.". Reject case(ii) 


Stagnation point is at x ae a2,0 
g D 2 U 4n2U2 , 


At stagnation point y 20 and 044-0; —2zx .. y ——m 


z. Eqn of contour is Uy — m = 5-0 +62) 





When x=0, Uy=m- D or 37) that is, y = +—— 





=j 
2 
8 | m (m 3 m 
Thenu=U and v= F (+ yl: i 


4m* KE 
<. q = U 1+ ___ 
1 | n2(m? — 4U? a2)? | 
9.18 37/2 
: F, (divided by depth) = f —pacos dð and 
7/2 





1 1 
p Poo = 50(U* q)- sol 4 sin? 9) 


1 37/2 
- F= setze (4 sin? 0 — 1) cos 6 dø 
1/2 
E no] fog 
= -Q0U"a| 5 sin” 9 — sing = —50U"a 
2 3 1/2 3 


1 2 
+. Total [Fa] = 5 x 1000 kg m^? (12m.s7!) 0.9mx3m 


= 1296 N 


9.19 Mass of cylinder 
— 7800 kg m? [70.3 — 0.2882)4 + 270.288? x 0.006} m3 


Added mass = 1000 kg - m? (40.3 x 4) m? — 907 kg 


.. Ratio 
B 7800 {x x 0.588 x 0.012 + 7 x 0.288? x 0.003} + 907 
7800 {x x 0.588 x 0.012 +7 x 0.2882 x 0.003} 


= 2.580 





9.20 


9.21 


9.22 
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. V3 r v3 

sin 9 = ur SU |Lift| = QU-5-4naU 
3/2)4xaU? 

Ep E ce 
50U?2a 


Propulsive force (SE)/ 
Length of cylinder 


= QUT cos $ = or (14 m.s!) 


80 x 10° N 
2x9m 


xP x14m-.s" 


— 1.225 kg. m? 


1 


A s7! 


But — 0.5 x 2zrx or 2 nr?o 


259.2 
w= af rad.s^! — 36.67 rad. s^! (clockwise) 
71.52 


r 259.2 
E 
whence 60 = 90° + 25.49° 
$ — arctan 6/14 — 23.20? 
Propulsion line comes from 45? — 23.20? — 21.8" W of N. 





sind = 





z. Stagnation points are 3.69° E of N and 47.29° W of N. 
Max pressure at stagnation point. Min pressure at max velocity, 
which occurs at (r — a, 0 = 37/2). 


x eue GE 259.2 S 
roa = ~2U sin + 5 = ( +) mes J 


= 57.96 m- s7! 


1 1 2 
Pressure difference = 307 x 1.225 kg m^? (57.96m . e) 


= 2058 Pa 


Flow pattern is same as right-hand half of that formed by sources at 
(—a, 0) and (a, 0) 





m 
po rds dr aamnc 
27 x+a x—a 
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[y/ œ +a] + [y/ œ- a)l] 2xy 
a ea) (diti a) xy awe 
m 2xy 
V= — — arctan > —7—5 
y 2 arc ag 


. ; r r mo 
9.23 Irrotational vortex + sink: v = — In 


27 m 27 
r RRE EN 
a==— ¿.TP=2%rq=21(1.2mQ0sin70"m-s *) 
Jar 
= 487 sin 70° m? - s7! 


487 sin 70 80 
z. Inner qt = 59 -s-! = — sin 70° m-s7! 
m o 2 4-1 
dr zs . m=-—21rqr =-211.2 x20cos70" m”-s 
2zr 
= —487 cos 70° m*-s~! 
48 70° 80 
z. Inner qr = 5 m.el- 3 cos 70? m.s! 


80 
c. q= (qt +q) = 3 ms 


1 j[(89* 2 22:02 
z. Pressure drop = 3* 1000 kg -m (3) — 20^1 m^.s- 














3 
— 155.6 kPa 
9.24 T. us à 102 cos 7? 
CL=0U*S = Tcos7 Gr = 
CS E Tx 1.23 x 13.52 x 1.8 x 0.9 
= 0.558 
102sin7* 
Cp=3 DAS, = 0.0685 
1 x 1.23 x 13.52 x 1.8 x 0.9 
2. 
JG E = 0.790 
x x 1.23 x 302 x 0.75 x 0.1 
1. 
Cp = £68 — 0.0405 
same 
0.7902 





A=7.5 Cpi= = 0.02650 
77.5 
z. CDoœ = 0.0405 — 0.0265 = 0.0140 








0.790 
Effective a is less nominal by arctan 1925) 
77.5 
.. Effective a = 5.08" 
.790 
For A = 5, reduction of a is arctan — 2.88? 


z. Corresponding nominal æ = 5.08? + 2.88” = 7.96" 
Gå 0.790 cos 2.88? 
cos 1.92? 
0.790? 
T 


= 0.790; 





Cp = 0.0140 + = 0.0537 
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Chapter 10 


10.1 


==> 1.8 m —] x _ 0.6 
T eee 


“x=0.4m 
0.9m Gå å 
ii » y = V/0.42 + 0.62 m 
_| m" | = v0.52 m 
0.6 m 


A= 4{(0.6 + 2 x 0.4) + 0.6}0.6 m? = 0.6 m? 
P = 0.6 m + 2y = 2.042 m 
m = A P = 0.2938 m 


1 
a 1/2 1 | =0. el 
u = 60m s 0.2938 m5 0.638 m.s 


Q = 0.638 m. s^! x 0.6 m? 2 0.3827 n? s^! 





102. Qi Ami ER (2) 
Qı = Aun n Aj P5 


5/3 
2 o 
Opn 124 md got ( 25x 05405¢ an 30" 

2.5 x 0.35 + 0.352 tan 30 


(= +2 x 0.35 cosec 60° 
x 


2/3 
ER = 2.216 m? - s7! 
2.5 +2 x 0.5 cosec 60° ) Ee 


1.5 J? 


2 
p=b+2 12 + (5) m= b+ 5/13 m 


103 n=0.018; A= (1 m) {b+ a 


10.4 


10.5 
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2/3 1/2 
2.8 b+ ( 1 ) / 
Eqn 10.9: = - 0.018, 
i b d (= 2/13) 7000 


whence (by trial) b = 4.456 m 


bo bh+b?/43 
2 b+2x2bh/v3 


n=0.015. For trapezium max = 


0.3 [m?. s 11 2. | bb A SE: : | 0.015 
søt øm (rs EVE (2) fo 
2p? p b 2/3 1 1/2 
- (558) G) E) y i 


-.b—0.520m and b=0.601m 





a 0.2 
0 = — = — : 0 = .42? 
Æ | N OVE aps. e 
Pa BA A 
360 — 132.84 
y, meum ups 
+0.2 x 0.5 sin 0 m? 
= 0.587 m? 
227.1 
Perimeter — z(1 m) i —1.982m  ..m-0.2962m 
0325... ^ 3t ( 1 ie 
- m.s -K(0.2962 m? [ —— 
“= 0.587 ™ S ( m)"" | 1500 
—-K-482ml?.,7! 
4.5 1 
When conduit is full ; 2 and 


3.6x 103 800 
m=d/4=0.25 m 


q 312 
Q= za m)? x 48.2 ml? .s71(0.25 m)?? E 


= 0.532 m? - s7! 
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10.6 


ÓN 
3 1 TË d 1/2 ¿-1 d. 
Ful: 0.13m*.s *= 44 (58 m'/^.s ^) 4! (1) 
120 x d d 
hd/A: A= gn EE 
At depth d/ 360 4 d z sin 60 4 
= 0.1535d? 
12 
P= 120 ad —1.047d  ;.m — 0.1466d 
360 
7.0.6 m.s! 2 (58 ml? .g- /0.1466di (2) 


0.13 zd? 
Divide eqn (1) by eqn (2): — m? 2 ———— 

å ga A c 840.1466 
Whence d = 0.460 m 


Then, from eqn (2), i = 0.001588 


PTS Max. O requires max 
NUS Am2/3 = AS/3 ¡p2/3 


we, 1 6 6 
A = `r? + rsin 73! 08 (s — ;) 


=o 2 
0 0 0 
=? (5 ~sin 500s) 
2 
r 
= — (0 — sin 
3 sin 0) 


P — r0 
Max (0 — sin 0)?/? /02/? requires 


02/53 (8 — sin0)?? (1 — cos0) — (6 — sing)? 29-15 2 0 
Le. either 


0 — sin0 [which corresponds to minimum at 0 — 0] 


or 30 — 50 cos0 -- 2sin0 — 0, whence (by trial) 
0 — 5.278 [in radian measure] 
z 302.4? 
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Then A = (72 /2)(5.278 — (—0.844)} = 3.06177 and 
P = 5.278r 





06114 1 
2.8 m? - s7! = 3.0617% (80 m!⁄ . s71) E > ) 


5.278 102” 
whence r 2 1.205 m 


<.d =2.41m 


2 


uS asp +h?/V3  :.Ai= ( x 0.5 + “| m? = 0.644 m?; 


0.652 
v3 


s7! = 1.319 m- s7! 





A2 = ( x 0.65 + )s — 0.894 m? 


|. 0.85 
"0.644" 
By continuity, A1244 — A212 4- (A5 — A1)c 


HI 


2.0.85 m? -s71 = (0.894 m*)u2 + (0.250 m?)c 


Momentum eqn: 0241X1 — 0242X) = (u1 + c)Ajo(u) — 1) 


where x = depth of centroid 


that is, Ea — 43%) = Di + 0) (112 — u1) 
1 


Aj - Å 
_ 21 2 
= (u +c) E 


b B b bh p? 
Ax = bh + = + 
1 a J3 SE 3v3 


05>. 057 
7. A171 = 4 —2 | m? 20.1491 m?; 
T 2 » 











1x0.652 0.65? 
Axa =| E m? = 0.2641 m? 
MS 2 SH 
9.81 0.894 
2 2 -2 
: Ec 203641 «0 1491je——— m?. 
SOME qa (eer OUS pad os 
= 6.27 m?.s ? 


<. c = (v6.27 — 1.319) m -s71 = 1.185 m - s7! 
Q- = (0.85 — 0.250 x 1.185) m3-s~! = 0.554 m?-s7! 
Surface width = 1 m+ 2hcot 60° 


<. B4 =1.577m; B= 1.751 m 
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10.10 


10.11 


EM MM 1.319 B 
— VgAi/Bi — 9.81 x 0.644/1.577 


m 0.554 | 1751 
ye = = 0.277 
727 e 0.894\ 9.81 x 0.894 


2 


b+ > =18m and 12m>-s-!=u(3 m)h 
8 





Fri 








A 
whence h + — (5) = 1.8 in metre, second units 
2g Vb 


53 —1.852-.-0.815 20 5 5 1.027 m or 1.3357 m 





u 4 
Fr = — = = 1.226 or 0.808 
veh veb 


he = (q*/g)? For critical flow | / gb. = m2? An 








she ay (Pte 3 (gq)? (bg? 
E AN A "Hi pr 


4/3 
+2) 


4/3 
.0142(9.81 x 4)?/? 
ODIO E +2) =0.00394 


34/3 





3x 9.8113 
42/3 


y y 
For parabola x? = 4ay. Area = / 2xdy 2 441? d yl? dy 
0 0 





= 841/23 
B=2x=4a"2yl? > A/B = åy 
<. Uc = y A/B = y Sch, 
2 2 
u u 2gh. 4 3 
E=h+— =be+ << =he+=%==he bes ZE 
Ta beg Fa Ip SE "4 


8 
273 gE 
su Y 


For min upstream depth, flow between piers is critical. 


1/3 1/3 

2. 2 

sped ee BO ty cuu 
2\¢ 2 \ 252 x 9.81 


Q? 450? (m?) 


+ 357 = bi + 377 = 
IT Hie 302 x 19.62h? 


<. Ug = 


11.47 (m°) 
bi 


1 


whence hj = 4.15 m 
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10.12 Wave stops when flow is critical, that is, when Q?B — gA? 


A= bh +h? cot 60° = (1 x 0.15 + 0.157/V3) m* = 0.1630 m? 


B=b+2hcot 60° = (1+ 0.3/3) m = 1.173 m 
2 

P=b+4+2hcosec 60° = EIER =)m = 1.346 m 
E 


A 
“m= — =0.1211m 

P 
gA ers (Km 522 
B Ç 

gA 9.81 x 0.1630 am. 2 
eee 7 = m . 
Bm*/3; — 1.173(0.1211)^/20.004 

SOK2754ml?2.$571 


- K2 





For uniform flow to = magi = 0.1211 x 1000 x 9.81 
x 0.004 Pa = 4.75 Pa 
10.13 = 5.4 .$ 12 4.06 m.s! 
E E A AA 
.. From eqn 10.25 


| 2 x 0.38 x 4.062 
h = EL 4 10.192 4- cJ m = 0.956 m 


(by hy? ` 0.576? 


Head lost = > 
SSG CONG 


m — 0.1315 m 





. Power dissipated = 5.4 m?-s~! x 1000 kg. m^? 
x 9.81 N- kg! x 0.1315 m 








— 6970 W 
hy tho g^ 
10.14 For th E 
or the jump 3 E 
2 
EA NALE NN 
9.81 x 2.55? 


whence hı = 0.646 m and h2 = 1.615 m 


Downstream of jump A = 2.5 x 1.615 m? = 4.04 m? 
P = (2.5 + 2 x 1.615) m = 5.73 m 
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s.m — 0.75 m 
2/3(9.002)1/2 
u= 5 angst] = SUNE whence n = 0.0168 
4.04 n 


10.15 bd 1 an 
hl] le 


2 1/2 19.62 \ 1⁄2 
whence q = hib» G) =6x1.2 (=>) m2 


— 11.89 m?. s^! 
<. Q =6 m x 11.89 m? -s71 = 71.3 m? -s71 
Critical depth — (q?/g)!/? — (11.892/9.81)!/? m = 2.433 m 
Downstream depth > critical .:. Jump must have occurred. 


Steady-flow momentum eqn: 
11000 kg: m^? x 9.81 N-kg”*(1.22 — 3.12) m? — F 
1 1 
— a el TEE —1 
— 1000 kg-m ?(11.89 m^.s^ ^) € la 


whence F = force on blocks divided by width = 32 080 N - m7! 
-. Total force = 6 x 32080 N = 192.5 kN 


10.16 ph =(12-02)m=1.0m; h=0.85m m=-—L,; 





1.2m 
d 
2= 0.35m 
2 2 
q q 
===" å 
+ 722 x 19.62 + 0.85 x 19.62 


[metre, second units] 


whence q = 2.066 m? -s7! and O=3.58m*.s”! 


10.17 ESOS AT så 
Eu ceno. EG 0.015 m- 
a (5 qus os) (nm) / me 


= 1.250 m- s7! 
q = 1.250 x 0.9 m?.s”! 





whence y = 0.222 m 
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10.18 . i E 9 I 
(a) With metre, second units 0.6 + 19.62 (325) 


1 O 2 
EN (z x 3 


whence Q = 0.337 m? -s71 


1 OU dst uS 
— ho 
19.62 V1.2h1 2 





(b) 5^4 — 0.2 4- 


0.3372 


1/3 
————— m — 0.318 m 
0.62 x sai) 


where hy = (q7/g)!? = ( 
whence hj = 0.6674 m 


.. Increase — 0.0674 m — 67.4 mm 


10.19 0.140 | 1 


— | n—m-0441m 
0.7x 0.43) 19.62 


-. Critical depth = å x 0.441m = 0.294 m 


E= 0.43 m+ 


Q? 1/3 
Since for rectangular section, he — | —— ; 
bg 
1/2 
2 
b= 9 = 0.2804 m 
gh? 
.. Flow in throat of flume is critical and depth there = 0.294 m 


O ) 1 0.002039 n? 
E=0.441m=h ee es pt 
m 3+ (m E 3 p 


ie. hå — 0.44152 +0.002039 = 0 [metre units] 
But h = 0.43 m must fit this eqn also. 
z. h — 0.43 is a factor of LHS. 
(b — 0.43) (b? — 0.0115 — 0.00474) 2 0 


whence h3 = (0.0055 + V 0.00552 + 0.00474) m = 0.0746 m 
ioghibibi — 50gh3b3h3 — F = oQ(u3 — ui) 


sige - ES 
-ee (zi bibi 
2 


b 
<. F = o(h1 — h3) [eos + h3) — 





Sd 
EU S | — 305.5 N 
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10.20 Suc saps 1252 NP 
Near outlet h = (q?/g)!? 2 | —————— m — 0.414 m 
1.52 x 9.81 
Metre, second units: 
b Averageh A P m u u?/gh 1—u*/gh ix10* (i —s10*  dlldb Ab Al 
0.414—0.526 0.470 0.705 2.440 0.2889 1.773 0.6818 0.3182 37.03 30.78 103.4 0.112 11.58 
0.526-0.638 0.582 0.873 2.664 0.3277 1.432 0.3591 0.6409 20.42 14.17 452 0.112 50.6 
0.638-0.750 0.694 1.041 2.888 0.3605 1.201 0.2118 0.7882 12.65 6.40 1232 0.112 138.0 
200.18 





į = un? /må/3 


Add about 3.5(q?/g)!? — 1.45 m; Total = (200.18 + 1.45) m 


— 201.63 m, say 202 m 














280 
10.21 e e m°? s7! = 5.6 m? -s7!. For uniform flow downstream 
5.6 b2/30.0004"? 
= z. ha = 2.366 
p 0.015 d e 
2.366 2.366? 2x 5.62 
hj = = 0.842 
! 3 4 sne) E 
Metre, second units: 
h Average h (=m) u=q/b u? /gh —1 ix10* G-—s)10* dl/dh Ab Al 
0.6-0.681 0.6405 8.74 11.17 311.5 307.5 363.1 0.081 29,41 
0.681-0.762 0.7215 7.76 7:51 209.5 205.5 365.6 0.081 29.61 
0.762-0.842 0.802 6.98 5.20 147.2 143.2 362.9 0.080 29.03 
88.05 m 
un? qn? 
s pB T p03 
2 2 2 
10.22 > g A 47 47 
OF age ge T? mT? T gT? tanh mh 


As first approximation, assume deep water .. tanh mh = 1 
“m= 0.0497 m7! 


Iteration then gives m = 0.0657 m7! ..1=95.6m 
Pressure is max under crest, that is, when 

sin mx = 1, cos mx = 0 

Then (steady velocity)? = [c + Amcosh{m(h + z)}]* 
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<. Pmax = 50142 m2 sinh?mb + c?] 
—iolc -- Am cosh(m(b 4- 2) — ogz 
— 1gA! nf? sinh? mb — ocAm coshtm(b 4- z)) 
—1oA?m? cosh? (m(b - z)) — ogz 


2 
=D RE AM 
TB ee sinh mb 

h mb 
EE AO 
sinh*mb 

Neglect terms in a*. Then 
oam g 
sinh mb m 
cosh{m(h + z)} 

cosh mh 


see Ge E :) cosh mh 
UC X og cosh{m(h + z)} 


_ { 145 x 10° cosh(0.0657 x 15) 
1025 x 9.81 cosh(0.0657 x 1) 





cosh{m(h + z)} 





Pmax + 082 = tanh mh cosh{m(h + z)} 





m = 0.6404 m 





+. Height = 2a = 1.281 m 


10.23 c= fà = 25 s7! x 0.0085 m = 0.2125 m - s7! 


ir Ji ei 21h 
(0.2125 m-s-!)? = (724 2° E 
z. (0 Sm-s™>) (E ` E lech ^ 
8 ( 27 y 
—X875 kg-m>3 x 0.0085 m 
9:81 m -s72 x 0.0085 m h 270.004 
27 0.0085 


whence y 2 0.088 N. m^! 
Rate of energy transmission — sa + 2mh cosech 2mh) 


0.2125 m- s7! 27 470.004 
EP TAS O s 
2 ( Fs awe: 
= 0.1096 m. s^! 


3ym? p 
Group velocity — ` = = ) 


ym? +ọg | sinh2mb 
ym?c 


EE + Rate of energy transmission 
ym 08 
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2 0.038(27/0.0085)?0.2125 ue 
~ 0.038(27/0.0085)2 + 875 x 9.81 


+ 0.1096 m -s71 = 0.2600 m - s7! 





0.5 
10.24 Assume Airy waves ..a= =— = 0.25 m 
a 0.25 1 
. b — 4. — 16 . OK. 
2zy | gcT 2xh 
kaeT AN h == 
c Mo (= 25 Jin T 


As first approximation, assume tanh(2zt b/cT) — 1 

(deep water waves) and effect of y negligible. 

Then c 2 gT/2z = (9.81 x 5/21) m-s~! 2 7.807 m.s! 
5.4 2 7.807 m.s! x 5s = 39.09 m > 0.017 m 

<. y indeed negligible 


9.81 274 
Second approx. : c = SE m.s7! ) tanh ( — m.s! 
2n c5 


1. 
= (7.807 m- D tanh (E m- =) 
c 


By iteration c = 5.589 m. s^! 


5X 25.589 m.s 1 x $s— 2795 m. a/d < 0.01: OK. 
m = 22/4 — 0.2248 m^! 


2mh 
For negligible y, cg = 5 (: + v] 
m 


5.589 2 x 0.2248 x 4 P 
Eo qur m-s 
2 sinh 1.7984 
= 3.407 m- s7! 
Energy/width for one wavelength 
= 1a”rog= (0.25 m)? (27.95 m)1000 kg- m~? x 9.81 N- kg! 
— 8570 J: m^! 


4.5 m 


+. Total power — 8570 J: m^! x = 7.71 kW 





Midway between crest and trough x = 0 or 4/2. 


At half still-water depth z 2 —2 m 
A — —cacosech mb 2 —5.589 m.s! x 0.25 m 
x cosech(0.2248 x 4) = —1.363 m*-s7! 
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(Absolute velocity)? = A?m? cosh? (m(b 4 z)) sin? (/m(x — ct) 
+ A?m? sinh? (m(b + z)} 
x cos? {m(x — ct)) 
= A?m? sinh*(m(h +2)) in this case 
.*. IAbsolute velocityl = Am sinh(m(b + z)} 
— 1.363 x 0.2248 sinh(0.2248 x 2) m.s! 
— 0.142 m.s! 


(Steady velocity)? = A?m? sinh? (m(b 4- z)) cos? mx 


4- [7c — Am cosh (/m(b + 2)} sin mx] 


-. (Steady velocity at y = 0)? = 422 sinh? mb + e? 


By Bernoulli for x = 0, 
p=0+ To(A?m? sinh?mb 4- c2) 
—lo[A?m? sinh? (m(b + 2)} + ?] — ogz 
= I oA?m?[sinh?mh — sinh? (m(b 4- z))] 4- og(—z) 
11000 x 1.363? x 0.2248? [sinh (0.2248 x 4) 


— sinh? (0.2248 x 2)] + 1000 x 9.81 x 2 (Pa) 
=19.66 kPa 





d par A - 
Horizontal semi-axis — E cosh{m(h + z)} 


| 1363 


= 5589 cosh(0.2248 x 2) m = 0.2688 m 





= 0.1136 m 





A 
Vertical semi-axis = E sinh(m(b 4- z)) 


10.25 Mean rate of energy transfer/width 
= zea" og(1 + 2mb cosech 2mh) = 40a" 0g for deep water. 


It remains constant as waves approach shore. 


P a 
TET c= = = = for deep water. 


gT 
HER a 
Sq AAA 
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25,2. 
T 
. Power/width = FEE 
87 
0.6? x SC x 9.81? x 8 aues 
T 


= 11300 W-m! 
-. Total power produced — 11300 W m^! x 80m x 0.5 
= 452 kW 
47? 472 
v= a = eT? = ÊT? tanhmb m= 7 cothmh 
m m gT 
47? 
When hb=5m m= ISLAS coth(m5) 


[metre units] 
whence m = 0.1184 m^! 


11300 W.m”! = ca" og(1 + 2 mh cosech 2mh) 
1/2 
EM ( zt ) 2og(1 + 2mh cosech 2mb) 


mI 
Hence a = 0.614 m 
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Bn -— 1 2 
28815K 1+(y—1)/2 1.2 





<. T2 = 240.125 K 





o.u =a4= doa x 287 J- kg | -K^! x 240.125 K) 





— 310.6 m.s! 
Jm 1/(y-1) Di 1 1425 
ea (B) -A G) 
101.3 x 103 
O Ogre 
287 x 288.15 x 1.225 
2 
Max u when p = 0. Se => 
y —100 
a 2x 1.4 x 287 x 288. us 
RASET) 0.4 
=761m-s ! 
.2 x 02 
fe SEUSS, P cede 


288.15K  Á 140 x 1.62 


a = y 1.4 x 287 x 190.6 m - s7! = 276.7 m - s7! 


<. u = 1.6 x 276.7 m.s 1 2 443 m. s 
[or ui =2cp(To — Ta) = 2010 J- kg - K~1 (288.15 — 190.6) K 


whence u) = 443 m- xi 


0.4/1.4 
ba pa = 23.88 kP 
(må ZS Se SE S 
103 


RI, 287 x 190.6 
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11.3 


s.m = 0.437 kg: m^? (0.6 m? x 443 m.s! 2 69.6 kg. s^! 
Min area is where M — 1. From eqn 11.59 
m 
SUE DM 
[pocoy12/(y + D)] } 


69.6 D 
— ([(101.5 x 103)2/(287 x 288.15)11.4(2/2.4)6)1/2 


= 0.288 m? 


M = cosec40°. a—V1.4x 287 x 283.15 m.s 1 23373 m. s^! 


At = 








u? a?M? _ 337.3 cosec?40° 
= 137K 


Temperature rise = 





.. Temperature = 147 °C 


Using eqns 11.32, 11.24 and 11.29 








3.5 1 + 1.4M? 
3-0) _ (0) P2 _ (1 + 0.2M3) i 
Di p2 Di 1+ 1.4M; 
14-0242 V]? 
=41+0.2 | == 
1.4M? —0.2 
1+1.4M? 





“14 1.4[(1 + 0.2M2)/(1.4M2 - 0.2] 
whence M, = 1.386 


p2 (1-14MT)(1.4M 02) 14M$-02 7Mj-1 


pı 1.68M7 + 1.2 © I2 6 





o 04+24p2/p1 | SMS 


= = = 1.665 
o 24+04p2/pi M2+5 


From eqn 11.30: 





rer T2 1+0.2M7 

T5 0077 28315K 1+02M2 
2 

2  1+0.2M5 


Ss MAG 35077 K 
m ae S F 


542 241.4 x 287 x 3527 m.s 1 23764 m.s! 


47 = 45 M, — 280.7 m- el 
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For subsequent expansion T3 = T3 (p4/p5)9 4/4 


1/3.5 
= 352.7 | >= K = 286.3 K = 13.2 °C 
7M7 -1 


11.5 By = 40°, Bo = 30°. 
2 cot 40° (M4 sin?40° — 1) 
From eqn 11.37 tan 10° = __E 
Mi (1.4 + cos 80°) + 2 
whence M, = 1.967 
Normal component M; sin 1 = 1.264 
pa _ 7(Misin Bi)? - 1 


S e [as in Problem 11.4 above] 
1 


; 1 p2 _7 I Se 
<. p2 — p1 = P1 (2 — 1) = ¿b1 (a sin £1) 1] 


= x 35 kPa(1.264? — 1) = 24.43 kPa 


> 1+0.2 (My sin 409)? 
— 1.4 (Mj sin 40%)? — 0.2 


<. M = 1.610 


ASK 
MAR =1+02M2 =1.518 ..Tr=199.7K 
2 


5 — Ma y RT; 5 1.610/1.4 x 287 x 199.7 m.s! 


—456m.s | 


(Ma sin 30?) — 0.648 





From eqn 11.37 


, 2cotf(1.610? sin? B — 1) 

tan 10° = —————————————— 

1.610? (1.4 + cos 2B) +2 

^. B. — 50.69? that is, 40.69^to wall 
1+0.2 x 1.6102 sin? 50.699 


M3 sin” 40.69” = —; 
1.4 + 1.610? sin? 50.69* — 0.2 





[eqn 11.29] 


-. M3 21250 
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11.8 


11.9 


3X 14/04 
Pi gya we, - M2 = 3.838 
pi 1+0.2M2 Å 


From eqn 11.42, 
2.838 ^ 
6) = V6 arctan (=>) — arcsec(3.858)!/? 2 25.25? 


1:333 U* 
04 — A6 arctan Cz) — arcsec1.5 — 11.91? 


27.05 —01— 13.34? [or from Table A3.2] 


Po 


v > 1.893  ..Flow supersonic. 
From eqn 11.47 or Table A3.1, M4 — 1.20 
T = To(1 + (vy — 0/212)! 2 36315 K(1.288)! 2281.9 K 


ass 1. x 287 x 281.9 m.s! — 336.6 m - s7! 


u = 336.6 x 1.20 m.s 1 — 404 m.s! 





a at sea level 2 /y RT — /1.4 x 287 x 288.15 m. s^! 
—3403 m.s! 


1000 
A Mach no. = 74 — / 340.3 = 0.604 
-. Assumed Mach no. — 740 x 3600 


This corresponds to p2/p1 at sea level of 


E 


3.5 
(1 + [(y — 1)/2] M? ei {1 de 0.2(0.604)?| = 1.280 


<. p2 — pı = 0.280 x 101.3 kPa = 28.33 kPa 


<. Actual p2 = 63.83 kPa 


63.83 
35.5 
a at 8000 m altitude is 


V1.4 x 287 x 236.15 m - s7! = 308.0 m - s7! 


< u = 0.955 x 308.0 m - s7! = 294.2 m - s7! = 1059 km hl 


— (1-- 0.2M2)?? whence M4 — 0.955 


u? 294.22 


= K = 43.07 K 
2cp 2x 1005 





fete 


<. To = 6.07 °C 
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11.10 Critical ambient pressure = 700 kPa x 0.528 = 369.6 kPa 
*. In (a) flow does not become sonic 
.. Exit pressure 2 400 kPa 
p (v-1)/y AN 0:4/1.4 . 
T = Tọ (2) = 313.15 (5) K = 266.9 K = —6 °C 


u? = 2cp (To — T) = 2010 x 46.25 m° - s7? "42305 m.s! 


= p _ 400x10 
STRT 287 x 266.9 


^om — QAu = 5.22 x 650 x 107° x 305 kg- s7! — 1.035 kg. s^! 


kg m7? = 5.22 kg - m”? 


(b) Exit pressure = critical = 369.6 kPa 


= os 2 
T =o (145 P = To 





y+1 


313.15 
EE 


u — Jy RT 2 V1.4 x 287 x 260.96 m.s 1 2323.8 m. s^! 


K = 260.96 K = —12.2 °C 








_ 369.6 x 10° 
€ — 387 x 260.96 


. mi — 4.94 x 650 x 107 x 323.8 kg s^! — 1.039 kg . s^! 
E v/(y-D 3.5 
KO nn (la - 14 kPa [1:02 x 2.8?] 


— 380 kPa 
Pressure in throat = 0.528 x 380 kPa = 200.6 kPa 


kg:m^? 2 4.94 kg. m^? 


2 rs 


Eqn 11.59: m?= A? = 
qn m E 





A2på 2 (v+D/(v-D 
— RTo G F gl 


a — PV RTo [er eU ue 
" poJY 2 


_ 1.29287 x 293.15 
380 x 103vV1.4 


= 1.338 x 1073 m? 





x 1.23 m? 
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11.12 





p 2/y p (v+D/y 
FS RE 
1 2/1.4 1 2.4/1.4 
db 6 a 
"Es «5| (ssa) (+) 





2.8? 








1 1 
2420 x$ = 
X? 12.5685 St 2.146 
2.143 E 
Ae = Å x zg 7468 x10 3 m? 
y-1 


-1 
T= To (1 + ra) =293.15 K(2.568) 


= 114.15 K = —159 °C 


u = M x a = 2.8/1.4 x 287 x 114.15 m - s7! = 600 m - s7! 


At design conditions 





(2) ( + EN M2 
A) FX D/G-1 


1.8? 1.26 x 1.8? 


E. "ium - 
(1 +0.2 x 1.82) 1.648 





AN2 4\4 M2 
With argon (5) = ($) PA o i 
1 
(1 + $M}) 





AN? M 1.23 x 1.8 
^ (5) — r as whence M4 — 1.902. 
1 . 
(1 + $M?) 
Por — are D. NT o 
>= (+0 0/21MG)"" =(1+3M5)" =723 
p2 2y ( 2 Y> -) 
— — — — [M1 — —— | [from eqns 11.24 and 11.29] 
pi r+1V  2y S 
5M?—1 7.23 
E EE 
4 p2 pı p2 4.27 


11.13 


11.14 
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Provided that steam remains superheated and that Boyle’s law is 
valid then by eqn 11.58: 


mm 


2 y/(y—1) 
` ( ) = 0.5457 ..p5 — 109.14 kPa 
0 


y +41 

Initial specify entropy = 7.280 kJ-kg”*.K”1 (from tables) -assumed 

to remain constant. Steam is not superheated under these conditions. 
.. Limitation is that steam does not become wet at throat. Limiting 

p> for saturation (with s = 7.280 kJ - kg! - K- 1) is 126.7 kPa. 


1 
Then v; 2 — 2 1.359 m? . kg! 
02 





2» 22 Y Po 2) 
m2 =2A Po _ p2 
i tm 02 

1.3 

ko? . m6 £? 

13592. 79. 03 


x (200000 x 0.9602 — 126 700 x 1.359) N-m-kg! 





B E (0.05 my) 


<. ñ = 0.600 kg - s~! 
Alternatively: 4u3, = Ahs = (2770 — 2685) kJ kg ! 


= 85 x 103 m? - s7? 


-m=uzA7/v, =0.596 kg .s 7? 


1.3/0.3 
From eqn 11.58: p¿= 10% Pa x (3) = 5.46 x 10° Pa 


Since nozzle is choked, use eqn 11.59. Apply eqn 11.60 down- 
stream of shock and substitute for n: 


Er n (ue 
Po2 Po2 
y -1 (AY? por 001 2 SPEED 
Y (5) DL 
plog 0  poió(To) _ Por $ (b92) _ Por 
00  Po29(To1) poz(boi) poz 


assuming that h depends on T only (implied by constant cp). Also 
hy unchanged across shock. 


p 2/1.3 p 2.3/1.3 
ds 9) 
_ y-1 ( 2 pm E E 
2 \y+1 A po2 
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For exit conditions 
2 
2 123/03 106x 
2/1.3  ,2.3/1.3 — 0.15 (4) 0.5 2 

S ^ 2.3 (05) | 760 x 103 

= 0.0262x? 
where x = Pexit/Po02 and Pexit = 700 kPa 
ie. 1 —x3/13 = 0.0262x°/13 


å —1 $ v1 + 0.1048 
JANE 
0.0524 


' x — 0.8964 kPa 


© 700 
-P02 = 98964 


(v-D/y —1 
(2) =1+%——m 
p 2 


a 2 1 0.3/1.3 
exit y 51 (za) SES 


^ Meyit — 0.413 





pu ` 700x107 


por 0.8964 fu — 0.781 .. By eqn 11.33 M, — 1.840 
01 ` 


En v/y=1 
Upstream of shock P = {1 + (=) e| 


1.3/0.3 
= (1 +0.15 x 1.840? | = 5.92 


Eqn 11.61 
El C Nn E TE 2 
d c, TH (4) 
1 Nx 1 Y 0+D/Y 
EY os 


A NS 


and for exit conditions, 


M Z UE 2 ) EE Ee 
T A2 0.3 po po 


^. Pexit/po — 0.940 or 0.1063 
^. Pexic — 940 kPa or 106.3 kPa (without shocks) 





11.15 


11.16 
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a1 — V1.4 x 287 x 323.15 m.s 1 2 360.3 m. s^! 





180 x 10? 
= kg:-m™’ = 1.941 kg : m~’ 
AE e TUER 
2.7 kg. s^! 
S Bu Ld dm 
1.941 kg : m x 7/4 x (0.1 m)? 
1774 
ADD) 
1— 360.3 


From Table A3.3 or eqn 11.78: flmaxP/A = 4flmax/d = 1.140 


0.1 m 





Rh lax — 1.140 x 4 x 0.006 —4.75 m 
Tı 1+ [(y — 1)/2] M? 
Tə- = T. = = Tı = 282.3 K 
UPS | (v * 0/2 i 
=92*C 


1/2 

1+ [(y — 1)/2] M? 

i E —p1M, 4——————— 
p2 =P Pi(Pc/P1) = P1 | (y + 1)/2 | 


= 82.7 kPa 
For mid-point flmaxP/A = 1.140/2 = 0.570 .. M=0.581 
T = Ta(T/Tà = 282.3 K x 1.124 = 317.3 K = 44.2 °C 
p = Pe + (pc/p) = 82.7 kPa + 0.548 = 150.9 kPa 


730 x 103 
287 x 303.15 
8 2.3 kg. s^! 

— 8.39 kg - m x x/4 x (0.15 m)? 
PE en RS aud 

V1.4 x 287 x 303.15 
From eqn 11.78 (flmaxPA) , = 355.7 

[Interpolation in Table A3.3 not accurate for small M.] 

fIP _ 0.006 x 2000 m 
A 0.15 m 

wc (flmaxP/A)2 = 35.7 
^. M5 — 0.1342 from Table A3.3 or iteration of eqn 11.78 


(a) 01 = kg:m^? — 8.39 kg. m^? 


—15.51m.s! 





Hi 


x 4 = 320.0 





Eqn 11.76: p2 = 730 kPa x 


5 1/2 
0.0444 | 0.4 x 0.0444" + 2 
0.1342 | 0.4 x 0.13422 +2 


= 241.4 kPa 
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11.17 


11.18 


11.19 





(7/4)? 0.15% (730? — p?) 10% i (2) 
n 


b) Eqn 11.84: 
Bes 2 x 2.32 x 287 x 303.15 p2 





2 x 0.006 x 2000 ; 
= A [p2 in kPa] 
whence p2 = 240.8 kPa 
Eqn 11.84: 
(2 /4)*d*(8* — 6?)1019 8 2x 0.006 x 140 
n = 
2 x 0.322 x 287 x 288.15 6 d 


[d in metres] 


i.e. 1.02 x 107d* — 0.2877 — 1.68/d 


168 — , 


As first approx. neglect log term. Then d? — 1.02 x 107 


<. d = 0.044 m 


Then 1.02 x 107d? = 1.68 + 0.2877 x 0.044 = 1.693, 
whence d = 0.0441 m 





(1/4)? (0.075)* (600? — 240?)106 E |.2x 0.08 x 45 
2m? x 287 x 288.15 240)  . 0.075 


whence m = 1.842 kg. s^! 


|... 600 x 10? 
— 287 x 288.15 


E 1.842 kg. s^! 
— 7.26 kg- m x x/4 x (0.075 m? 


1 Pr wé Troun? 
^q- 5 (6-4) - 2163 |- > (2) å 
2 2 2 
_ 4 ](b1 _ 97.5 doe 
Ev (2) | = a (6.25 —1) m*-s 


— 8670 m? . s? 
= mAq = 1.842 kg-s~! x 8670 m*-s~* = 15970 W 
q 


01 kg m7? =7.26 kg - m^? 


=57.5m-s" 





2.44 








p1/p2 = 300/120 = 2.5 
fIP/A = Af Jd = 4 x 0.006 x 85/0.05 = 40.8 
"From Table A3.3: M1 = 0.12; M2 = 0.030 


Put inlet conditions in eqn 11.79: 


300 x 103 Pa = 





$ y We 
m 287 x 288.15 m*-s 
(1/4)(0.05 m)20.12 | 1.4 {1 +0.2 x 0.122] 


whence m — 0.2913 kg. s^! 


or put in outlet conditions: 


120 x 10?Pa — 





1/2 
m 287 x 288.15 m2? .s 2 
(1/4)(0.05 m)20.30 | 1.4 {1+0.2 x 0.32] 


whence m = 0.2934 kg. s^! 
^.say m — 0.292 kg. s^! 
Increase by 50% gives m = 0.438 kg. s^! 
From eqn 11.80: 
; 4382 x 287 x 288.1 
Mi- v E a / | S e 72 x O OS | 
= 0.1964 
7. M2 = 0.4332... (4flmax/d), = 1.653 








-. (4flmax/d), = 40.8 + 1.653 = 42.453 





<. Mı = 0.1245 
1/2 
0.438 287 x 288.15 
<. p1 = 2 2 a 
(7/4)(0.05)*0.1245 | 1.4 {1 + 0.2 x 0.1245 } 


= 435 kPa 
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Chapter 12 


12.1 Values of ie are trivial. 
g dt 


2: 
A A 485 ive 
(7/4)0.12 


4 
“ =-KP"* > u= = +19 


uo 
K = ———_ 
(4/9) 87/4 
-. Whent=6s 


— 0.0665 [m .s- 13/4] 


u= (3.183 — 40.0665 x en) m.s !-—1517m.s! 


ldu 1600 


ee E 9,51 0066567 =101.9m when t=6s 
E 2 


Also b; is reduced by 


4 x 0.005 x 1600 
1x 19.62 


<. H = (300 + 101.9 + 12.8) m = 414.7 m 


(3.183? — 1.517%) m = 12.77 m 





= == — + 1042 =24 
23 m = 24u2ax/2g  -" "max — 434 m.s | 
dia 600 m , GS + 2 
= s= 
24 x4.34m-s"1  4.34—m 


whence m=3.37m-s" 


124 hdy bdn 4fhh 4hb u 


= -12 
gd: gdt di 2g dj 2g ix 
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30 dO 1 100 dO 1 
* 981 dt (47400225)? * 981 dt (2/40.15) 
4 x 0.007 x 30 Q? 
0.225 x 19.62 { (or /4)(0.225)2}* 
4 x 0.008 x 100 Q? 





0.15 x 19.62 {0/4)(0.15)2}7 
— —12 [meter, second units] 
dO 


m 6547 + 36020? = -12 


that is, 0.1815 — —Q? — 0.003331 


EIN —0.1815dO 
U 0 Joais Q2 + 0.003331 


0.1815 | e 
= — a an ———— 
4/0.003331 /0.003331 Jo 


= 3.144[arctan 1.992 — arctan(17.330)] 


2 
^. Whent 22s Sua 1.106 — arctan(17.330) 


whence O — 0.02929 m? .s^! 


12.5 Load to be accelerated = (1000 + 225 + 180) kg = 1405 kg 


If plunger diam. = D m, acceleration of water in pipe 


EDS n 
=1.5 (575) m.s 


= 937.5D? m- s7? 
Pressure drop due to this acceleration 
— 1000 kg: m^? x 60 m x 937.5D? m.s? 
— 5.625 x 107D? Pa 


Force required at plunger 


= ((1000 + 225 — 180)9.81 + 11304 1405 x 1.5) N = 13490 N 


E DO x 106 — 5.625 x 107D*) N = 13490 N 
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-. D* —0.0489D2 + 0.0003053 = 0 
whence D? = 0.02444 + 0.01709 
and D — 40.00735 = 0.0857 is the smaller value of D 


<. Plunger diameter = 85.7 mm 





At steady speed, force at plunger 
= {(1000 + 225 — 180)9.81 + 1130} N = 11 380 N 


11380 N 
(1/4)(0.0857 m)? 


Pressure loss in pipe = (2.75 x 10° — 1.971 x 10%) Pa 


Pressure in cylinder = = 1.971 x 10° Pa 








= 0.778 MPa 

sp 0778x 10% 4 x 0.006 x 60 u? 

eet 1000x 9.81 0.04 19.62 m-s 2 
us äm. el 

*. Lift d — 6.58 Poe um -121432m.s! 
3 speed = 6. 85.7 s  =1. S 


1 P 0.6 
1.035 x 10? — 0.0125 x 207 x 10? 


-. K' 2 8.35 x 10? Pa 


8.35 x 105 N-m-2 i 
es fo 974 ms 
É 880 kg -m-3 i 





1 E 
126 Eqn 12.8: = ( ) m°. N! 


21 900 
‘— = — s = 0.924 
ÉS 974 s = 0.924 s 
2 40 x 106 
12.7 Hoop stress = (Ap)d/2t .. Ap = dr = = Pa 


Also (Ap)? = SE — o^ieK'/o — oui ( 


_ (40 x 106 Pa ; 
U d/t 


— 1000 kg:m^?(2 m.s y? 


E 
EE) 





200 x 10? Pa 
(200 x 109)/(2 x 109) + d/t 


-. (d/t? — 2d/t — 200 =0 


whence d/t — 1(*, /201 — 15.18 
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1 
c= apon = $ VER [om zs 1 =1318m-s" 


z. 2l/c = (2 x 500/1318) s = 0.759 s 


12.8 Put: 3 m-s7! = Bov 700 x 103 N. m-2 


<. Bo = 3.586 x 107? m? . N71. s7! 





300 x 103 Pa = Amy 1.24 x 10? N -m-? x 850 kg m? 
whence Au — 0.2922 m.s! 


Then 3.2922 m.s! — B/400 x 10? N. m2 


New B= 5.205 x 10 m?.N71/2.571 


B 
.. Increase in area = E — 1) 100% = 45.2% 
0 


21 
For rapid movement, time < — = 2] E 
c K 
850 
=2 a 
NF > 
= 4.97 s 
129 2 2X750 1, ab = Lët J^ SIA 
See 7 095 So SVA 


Initially 3.6 m-s~! 2 BoV144m | ;". Bo 2 0.3 m! 2 -s71 











B (ml/2.s-1) b (m) u(m-s 1) Ab (m) 
0.3 144 3.6 — 
0.27 144 + 18.87 = 162.9 3.446 18.87 
0.24 144 — 18.87 + 42.0 = 167.1 3.103 42.0 
0.21 144 + 18.87 — 42.0 + 46.8 = 167.7 2.720 46.8 
AdH CA? (dH 

12.10 u= a di. Let hf = Cu? = S. A 

ld 

Decelerating head = H pe SE dg = 
g dt 
LA oe 


ga d? 
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_@H | CAg (dH ga 
>H=0 
de” al KE dt F +A 
el 
Initial velocity = mr =2.672m:s" 


(1/4)(4.5 m)? 
1m 


i Gr then, x 
(2.672 m.s-1)? 





CAg 1 (3019.81 _, på 
= gi = rea (2 5) 7) 9 er 
ga 9.81 ES SR E T 
En — 3.024 x 10 
MS wo oo 3 à 
e 4fl u 5 gdyo 
12.11 Initially yo = A Og that is, ul = Pa 
Substitute in eqn 12.36: 





gdyg  2gd ad 4fAyo 
2f afi (30 + 7) + com m ) 


Similarly for max height: 


| 2gd ad 4fAym 
"ane aya) + Co( 





4f A 4f A 
Eliminate C. Then AA s +1= opf 0s — vo} 





da 
An OG 32fI05 32x0.007 x 1200 x 1.1? 
d2g [c/4a2] 7?gd> 729.81 x 0.85 
= 10.25 m 


-. (0.3418 m7 yg + 1 = exp{(0.3418 m7!)(ym — 10.25 m)} 
whence ym = —2.893 m 
` Total height required = 17.893 m 
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2 
+. Max. speed in pipe = 0.127 x (150/75)? m-s~! = 0.482 m-s7! 


0.3 
13.1 Max. piston speed = 270.4 (>) m-s~! = 0.127 m-s~! 


0.3 
Max. piston acceleration = (270.492 77 m.s ? — 0.0962? m.s? 


.". Max. accel. in pipe = 0.0967? x (150/75)? — 0.3842? m.s? 


Rate of flow = 0.987 (0.15)? x 0.3 x 0.4 m? s^! 


= 6.615 x 10-42 m?-s7! 


6.615 x 10742 


-1 -1 
—— o —— m.s 520.4704 m. 
(1/4)(0.075)2 y Hes 


z. Mean velocity in pipes = 
RE SU da 

0.075 19.62 
= 0.4636 m 


Suction: hş at mid-stroke = 


7.5 
Accel. head at ends of stroke = 951038477 m = 2.897 m 


15 
Discharge: hş in 15 m of pipe at mid-stroke = 73 * 0.4636 m 
= 0.9272 m 
4 x 0.01 x 285 0.4704? 


0.075 19.62 
= 1.714 m 





Steady hf in 285 m of pipe = 


15 
Accel. head in 15 m of pipe = 931038477 m — 5.795 m 
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.. Head at beginning of suction stroke = (10.33 — 3 — 2.897) m 
= 4.43 m 


Head at middle of suction stroke = (10.33 — 3 — 0.4636) m 
= 6.87 m 


Head at end of suction stroke = (10.33 — 3 + 2.897) m 
= 10.23 m 


Head at beginning of delivery stroke 
= (10.33 + 13.5 + 1.714 + 5.795) m 
= 31.34 m 


Head at middle of delivery stroke 
= (10.33 + 13.5 + 1.714 + 0.927) m 
= 26.47 m 


Head at end of delivery stroke 
= (10.33 + 13.5 + 1.714 — 5.795) m 
= 19.75 m 


A A 
13.2 Velocity in pipe = wr sinoz + ær sin(90° + E 


A : 
= z rp + cos 0) 


[positive components only] 


Velocity is max. at 45°, 135° etc. 


d mato is Aor) 

RO . velocity in pipe = —wr | —= + — 

Peo a ND. az 
- (22 z Et a ud 
= (100 Kg 
— 2.666 m.s! 


2 
O=4x 702) x 0.45 x A mie) 


= 0.0067 m? - s7! 


0.0067 


wil 1 
(740.2 m-s 2.40 m.s 


-. Mean velocity in pipe = 
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Inertia head is max. or min. at instant of min. velocity. 
A 200N? 60 (2x? 

Me pus (Gel (=) 0.225 m = 24.15 m 
ag 100) 9.811 3 

— Inertia pressure = +1000 x 9.81 x 24.15 Pa = +236.9 kPa 








133 39.27P1/2 
10001/2(9.81 x 233)5/4 


^. P X 3.095 x 105 W per jet 


30 x 106 
3.095 x 106 


% 0.138 [SI units] 


<. No. of jets £ — 9.69, say 10 that is, 5 wheels 


30 x 106 
0.815 
. Total Q 2 16.10 m? .s^! 


^. O/jet 2 1.610 m? . s^! 
Jet velocity = 0.97,/19.62 x 233 m.s! — 65.6 m. s^! 


Fd x656m.s=1.610m3-s"" whence dia =0.177 m 
4 Jet J 


W = 01000 kg: m^? x 9.81 N- kg ! x 233m 


Blade speed for max. efficiency — 65.6 m. s^! x 0.46 








—2 3047 m.s! 
30.17 
= —— m=1. 
625z m 536m 
AvwxOoxu  uAvy 
Nhyd = — AT — 
n OogH gH 
8 0.46C, /2gH (1 — 0.85 cos 165°) (1 — 0.46)C,,./2gH 
= zH 


= 0.46 x 1.821 x 0.54 x 2C2 = 0.851 
v2 =u + R3 — 2uR» cos(180? — 0) 
= C2(2gH)(0.46? + (0.85 x 0.54)? 
—2x»0.46 x 0.85 x 0.54 cos 15?] 
Remaining K.E. divided by weight = v3/2g 
2 
.. Percentage — 2 x 100 
22H 
= 100 x 0.97? (0.2116 + 0.2107 — 0.408) 
= 1.35 
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134  u-046C,/2gH; w=2u/D 
Q- zd! C 28H; P nQogH — d C, 20H)" 
wP1/2 


Ger. 
P gl (guys 


_ 0.92C,V2(gH) 12912712 4C/"214912 (gHy3/* 
D201/2(gHy/* 
0,4607 “n dr 1/223/4 


d 
REE === 1215 rad 





13.5 Useful work divided by weight 


= 2 a —u)(1 + ky cos 15°) — kyu? 
8 
= <o —u)y — ku? where y= 1 4- ki cos 15? 


"E (u/g)(vy — u)y — kyu 


vi/2g 
2 

vid 

Sa den — 2u) —2k2u=0 

2g0u g 
when ~*~ =2u (t + 2) 

8 
thatis,  =046=—"—— wh ko = 2y/23 
at is, — = 0.46 = whence e 
vi 2(gk2 + y) SST 


Overall efficiency = os — u)y — kaè) n 
8 


0.46 
-. Max. efficiency — E = 0.46 | / H 


2 
vi 
= —(0.2484y — 0.211 
zu 84y — 0.2116gk>) 


— 2C2(0.2484y — 0.2116 x 2y/23) — 0.79 
whence y —1.825 .;.k1cos15? — 0.825 ;. k4— 0.854 


13.6 Total losses are (4.8 + 8.8 + 0.79 + 0.46) m = 14.85 m 


<. (120 +3) m = 14.85 m + t PM L 108.15 m 
g g 





108.15 x 9.81 
ATE 


E e E e 


<. Uw1 = 
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= 14.28" 





qa = arctan 


9 
35.37 


9 
= —— — .2? 
9m/s Ê = arctan 537 59 





vi 353749 


A2 T n= 67.9 
2g 1992 ^ T 
pi vi 
(120+3)m=48m+"%+2+3m 
og 2g 


3E L (115.2 — 67.9) m = 47.3 m 
og 


P2 vå 

E 42 4 3m = (0.46 + 0.79) m 

og 2g 

D Joe nm. E. 
19.62 


m — —5.88 m 
08 





13.7 u4 — xD416.67(s |) = 52.4D1 
Vw1 — v1cos 30? 2 u4 cos? 30? 
Un — 39.28D4 
E 2.4D139.28D 
neg — Mia) — 2 139.28D4 
gH 9.81 x 15 





whence D, =0.251m 


Vri = v1 sin 30° = mu cos 30° sin 30° = 22.68D 


D 
qox 722.68D] = 0.2813 m.s! 


^P 20.85 x 0.2813 m? .s7! x 1000 kg. m^? 
x9.81N-kg ! x 15m 235200 W 


-.O=1Dj x 


2 


à 8.5 
13.8 Head at inlet = Z + 19.2 + ; m — 246.7 m 


^, Power 2 15.5 m?.s7! x 1000 kg. m^? x 9.81 N- kg! 
x 246.7 m x 0.9 — 33.76 MW 


44.86(33.76 x 106)1/2 


= tad= 0.486 rad 
P^ 10001/2(9.81 x 246.7)5/4 ^. ra 
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å 15.5 m3.s71 
vi = —————= 
1 72.23 x 0.3 m2 
Ur1 zii 
= 7.375 m-s 
2.23x4486 — 
uy = = m.s 
Dwi 2 
= 50.0 m-s”! 
50.001 i 
CM e246 © 
7. Vwi = 45.0 m- s7! 
7.375 
a= — 9.315; 
a = arctan 45.0 
7.375 
b = arctan å arctan = 124.29” 
Vw] Uu —5.0 
2 2 2 
vi 2 7.3754 + 45.0 m= 105.9 m 
2g 19.62 
. % of net head which is kinetic at entry to runner 
105.9 
= —— xl 
3467 10 
= 42.9 
13.9 Ü 
24 95° 
Inlet and outlet areas equal 
Vi 71/ R, 
<. Uri = Uc 
Vi = vy cosec 24° 
| vysin71° vy sin 71° 
“= inss sin 24° sin 85° 


= 2.3340,1 





Vw1 = Vri Cot 24” 
300 


AE SE 
ES age) "M 


Vy — u3 — vga cot 30? 
=1.556v,1 — 1.732v71 
= —0.176v,1 


ve = v7, (1+ 0.1767) = 1.03124, 
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2 
0.88 x 55 m ee eee SE 
g 2g 


1 me , 
^ 9.81 m.s (2.334 cot 24*v%, + 1.556 x 0.17607; 


1.031 , 
TA 


1 


whence v;1 = 8.87 m-s— 
214 2 x 2.334 x 8.87 —1 =f 
= AAA AAA $ = 2 e 
V=, 0.4 rad-s 92 rad-s 


O =1,10.9270.450 x 0.050 m* = 0.577 m?- s7! 


P= og (a - "Ze 0.94 


= 0.577 m? -s7! x 1000 kg - m~? (2.334 cot 24° 
4- 1.556 x 0.176)8.87? m?. s? x 0.94 
— 235.5 kW 


13.10 For dynamic similarity equate gH /w* D* 
10.8 


D Ha 1/2 1/2 
( ) = 44.86 rad st x 4 ( sl 


Om =0p == | +57 
E DA Hp 


= 107.6 rad - s7! 
100 x 1000 W 


Nm = 
1.085 m3 -s71 x 1000 kg- m x 9.81 N- kg! x 10.8 m 


= 0.870 ~. np = 0.900 


Equate 
“Op = a Om = > x 43 x 1.085 m? - s7! 
= 28.93 m? -s71 
<. Pp = 0.900 x 28.93 m? -s7} x 1000 kg - m”? 
x 9.81 N- kg ! x 30m 
= 7.66 MW 


44.86(7.66 x 106)1/2 
RNET yaad 
P= 10001/2(9.81 x 30)5/4 ° = 
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u =6257 x0.76m-s" 


—1492m.s! 
sin 105? 


13.11 us 
15 





Fh v = 2 
sin 60 
== — 16.64 m.s^! 
vj — 16.64sin 15? m. s^! 
—2431m.s^! 
7. Q = 4.31 x 0.2 m? s7! 
= 0.862 m? - s7! 
vw1 = v4 cos 15° = 16.08 m - s7! 


.92 x 16. 
u1Uw1 14.92 x 608 2159 


-hyd = -SH 9.81 x 30 


ug 
| Steady-flow energy eqn: 
i i vi vi 
H; + 2 +1—0.03021 = 10.33 m+ 4 +0 
Y 2g 2g 


gie cr 1 2 2 
I — 0.030?) = (10.33 — 3.6) m + z- (i = v3) 


24 1 1 
aen SI ) 


RV d 
0.9781 = 6.73 + 0.0613 | — i 
GE l di 0.4504 
0.0613 


= 5.234 + (0.450 + 21 tan 8) [metre, second units] 


whence l= 5.36m 


13.12 52.3 (15 x 105) d = 0.56 rad = 0.56/2 
E EE = 0. =0. r 
P7 100012(9,81 x 180)5/4 ^ P did 


— 0.089 rev 
^. Gc = 0.037 say (Fig. 13.19) 
Zmax = PP — og H = (8.6 — 0.037 x 180) m = 1.94 m 
o 


13.13 


13.14 
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Hyman = (4+ 16.5) m = 20.5 m 
uy = 250.25 m-s-! = 19.36 m-s—! 


Uw2 


| Flow area = (0.257 — 10 


LT A x 0.005 cosec 30°)0.0125 m2 
Vr 
N ^ — 20.00857 m? 
u2 


0.026 m? - s7! 


EN —1 
(008573427 7 7 0 OS 


<. U2 = 
vw. = (19.63 — 3.035 cot 30°) m.s! 2 14.38 m. s^! 


9.81 x 20.5 


FDA E 


Mm 


Ideal head = (19.63 x 14.38/9.81) m = 28.78 m 
V) =42, +42, = (14.38? + 3.0352) m?.s 7? =216.0 m?.s? 


Steady-flow energy eqn between pump inlet and runner outlet: 





* y? * và 
Po O 22%2 _ Runner loss = Pay a 
og 2g g og 2g 
* và * 
dh ee +0.52 = På 
08 2g og 
2; 2 * * 
H UV = 
Hence Runner loss = —2 — 0.5—2 + u20w2  P3— Po 
2g g og 


0.026 m? - s~! 


E NP E 
meer Änne 08/28 =0.269 m 


vo 
.". Runner loss = (0.269 — 5.50 + 28.78 — 20.5) m 
=3.05 m 


u)—13.510.75 m.s 1 2 31.81 m.s! 
5.7 m?. s 

~ 270.375 x 0.125 m2 

Uy2 — 42, — vj? cot 70? 2 24.76 m.s 

R> 2 vj? cosec 70? 2 20.60 m.s! 


v3 = hg + Vh = (24.76? + 19.352) m? -s7 = 988 m? -s7? 


va =19.35m-s" 


1 
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Hades EE — 0.4R2 — 12 + 0.503) 
2g 2 2 2 
=  (2x31.81x 24.76 
TET E EL 


— 0.4 x 20.60? — ; x 988) m 


= 46.5 m 


1:25 
1000 





Equivalent head of water — 46.5 m x 


— 58.1 mm 





Power = Oog (=) + Mech. losses 


= (5.7 x 1.25 x 31.81 x 24.76 + 220) W 





= 5830 W 
13.15 
v, R HUN) V 
2 H = Se 
g 2g 
B 
z Uw2 — M? — vy» cot B 
2 
v2 = vh + (u2 — V2 cot p». 
1 2 
SUED 28 [2m — vg? cot B) — vi, 


= us T 2u25v, cot B — v2, cot? P 


1 
= 2g lg B vizcosec?p| 


u = 3070.5 m- s7! = 47.1 m-s7!; 


4.5 m? - s7! 
EE 
70.5 x 0.18 m2 
. 1000 B 1 2 2 2 
er 0.1 m x 133 = 19.62 47.1^ — 15.92^cosec p) m 


whence f — 39.5? or 140.5? 


[Reject second result as too extreme.] 


13.16 Head to be supplied = (2.4 + 19 + 680? + 6500?) m 
= (21.4+7180?) m 


u = 16.670.35 m-s7! = 18.25 m- s7! 
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0.957D2B2  0.9510.35 x 0.018 


Vw2 = (18.25 — 53.20 cot 35?) m.s! 2 (18.25 — 76.00) m. s^! 


s$125320 m.s 





vr 





> 14471880 m= 22 2 72 9572 
2g 2g 
1 
2c [2 8250182576; 
sal x 18.25(18.25 — 76.00) 


—0.5 (53.220? + (18.25 — 76.00)? | | m 


Ge 9370? -- 70.660 —4.07 20, whence O=0.03823 
that is, Flow rate = 38.23 L. s^! 


9.81 (21.4+ 718(0.03823)?] 
~ 18.25(18.25 — 76.0 x 0.03823) 





Nm = 78.6% 


0.045 m? - s7! 
(1/4)(0.15 m)? 
4 x 0.006 x 36 ) 2.546? 

0.15 19.62. 

-. Manometric head = (30 + 2.697) m = 32.7 m 
(0.045 m? .s71)1/2 

(9.81 m-s~2 x 32.7 m)3/4 


13.17 Velocity in pipes = = 2.546 m- s7! 


m = 2.697 m 





.*. Total losses = ( 


0.465 rad = 7.0 = 1662 rad. s! 


D 
Area of flow = x D x > 0.95 = 0.2985D? 


0.045 m3-s~! 0.1508 m° - s~! 





UY = 





0.2985D2 D2 
<. u 2 166.2D/2s5 1 2831D s^! 
gH SS . = 9.81 x 32.7 2 23 5.15 2 =f 
ma Sem e 
tan 55° = EA, 
Vo Vw2 — U2 
Me |e i 0.1508 
~ Do [(5.15/D) — 83.1D] 
Uy 


[metre, second units] 


-, 5.15D — 83.1D? = 0.1056 
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13.18 


13.19 


As first approx. neglect RHS. Then D = (5.15/83.1)'/* = 0.249 


1 
Next D? — 331015 x 0.249 — 0.1056) = 0.01416 giving 


D = 0.242 and so on. 
Exact D = 0.238 m, say 250 mm 


u) =24.270.25m-s!=19.01 m-s 
|. 0.03 n?.s^! 
~ 17000 x 10-6 m2 
Apparent vw2 — 4? — vj? cot 322? = 16.18 m-s7 
^. Actual vy? 2 0.7 x 16.18 m.s 1 2 11.33 m.s! 
0.03 
WEE, m: 
(1/4)0.1252 


va =1.765m-s") 


1 


Velocity in discharge pipe = s7! = 2.445 m- s7! 
0.03 


A 1.698 m- s7! 
(37/4)0.1252 


Velocity in suction pipe = 


1 
Overall head = fas +13.3 + —— (2.445? — 1.698°)} m 


19.62 
= 17.96 m 
0.3 x 1000 x 9.81 x 17.96 
EVNE SOG 
Noverall 7760 68 O 
Ra 9.81(4.5+ 133) _ 4 10% 
19.01 x 11.33 
14)1/2 
Sa RA [s] = 0.4980 [s] 


(9.81 x 1.5)3/4 


n 40 39 38 pairs of poles 
Z.N 1.25 1.282 1.316 rev/s 

co 7.85 8.05 8.27 rode) 

Qs 3.91 4.00 4.12 rad 


Hence Q, = 4 rad and pump speed = 8.05 rad - s7! 


70 x 10° 
= — —_ m=8.92 mh 
(b) 70 kPa 300x981 ™ 8.92 m head 


0113)/2 
Q= PROPIA [s] = 0.003716% [s] 


Highest possible speed — 50 rev/s — 314.2 rad. s^! 


13.20 


13.21 
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Then Q, = 0.003716 x 314.2 rad = 1.17 rad, say 1.20 rad 


Alternatively use Q, = 0.60 rad at 157 rad-s~! but pump would 
then be more bulky. 


5.5 x 106 


H= IR NE 2.2 
(c) g p/o 1000 ms 5500 m^.s 
2 .00525)1/2 
At 50 rev/s, Qs = EE rad = 0.0356 rad 
(5500)3/4 


—far too low for range of pumps 


<. Use multi-stage pump, each stage with 
Q, — 0.20 rad at 3142 rad. s! 


27 500.00525)" — | s 3/2 


0.20 rad CAJA 


<. gH = 548 m? s7? 


. 10 stages required 


3.26 — 1800/(1000 x 9.81) 
Ce 3 === M—M————————Á 


= 0.084 
c 36.3 0.0843 
1800 — 830 
£1 — 422 — (0.750 => 0.622)13.56 m= 1000 x 9.81 m — 1.637 m 





H oD? 
By dimensional analysis E =0Q (> a) 


ov2 


For prototype pump 1.15 rad = (9.81 x 15)3/4 S 


whence «o 34.37 rad.s ^! 
DA? 
For equal wD?/v,  Wmode = Op (52) Hn 


Dm Vp 


= (34.37 rad- s7") el 


49. 
3 e 3<n<6 





7. 91.6rad.s ! «o, « 1832 rad. s! 
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div De 
For equal gH/o? D?, Hm = Hy (=) (Le 
p 


Op 
iso qu ey Du 
P | Dm Vp Dp 
DyX^ 4d.. 240 
-asm (St) "nir 


7.6.67 m < Hm < 26.67 m 
13.22 Input power = Ta = Crow? D’ 
.". Lost power = Crew? Ds 
= 0.0014 x 850 kg- m7? (16.67 
3 
x 27 SIE (0.5 m)50.03 


= 1282 W 


13.23 From eqns 13.29 and 13.30, 
2 


1 22 Bel A Ü 
2 | (win = wont) — (oror = SEA = Za 


that is, (eire — or? (og — 3) = 20? 


Power transmitted = Oo (Work divided by mass in secondary) 


= Ava (01027) — vir?) 


1 1/2 
= Ao {5 (oir = war?) (w1 — o] (010277 — 0377) 


3/2 01 = 02 1/2 
— Ago» (or — o»ri) (25%) 


5.150 x 10? W = 0.026m? x 850 kg. m^? x 40 
x 2: rad. s^! x 0.965 (8070.19 m2. 57! 
3/2 
— 80770.965 rad -s~'77) 


NW 1/2 
: E x ET 


^. (0.19? m? — 0.96572)?/? — 0.003349 m? 
Whence 7;—0.1192m  ..d;— 238.4 mm 


